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INTRODUCTION 
Dystocia, defined as prolonged and/ or difficult parturition, is an undesirable 
phenomenon in dairy and beef cattle populations. The problem can be slight in some breeds 
and major in others. The consequences are often calf losses or damaged calves, reduced 
fertility, higher number of days open, milk and fat losses, uterine damage and higher rates of 
cow culling with occasional cow deaths. The estimated loss due to calf mortality alone was 
approximately 132 million dollars (Thompson et al., 1981). 
A national program of dystocia data collection was adopted in 1977 by the National 
Association of Animal Breeders (NAAB). Dairy producers report dystocia at birth by using 
scores ranging from 1 (No Problem) to 5 (Extreme Difficulty). Higher scores often mean 
greater losses in production, reproduction and profit. An economic evaluation of dystocia 
involves estimation of costs associated with each score observed at each parturition. This 
research may help to define the economic weights (in dollars) associated with dystocia scores 
observed in herds and has the potential to indicate the economic significance of the scores 
observed by dairy producers in their herds. 
USDA-DHIA Active AI sire evaluation procedure employs predicted transmitting ability 
for dollars index (PT A$) to evaluate a given sire's predicted transmitting ability (PT A) in terms 
of dollar values for potential milk, fat and protein production. However, there has not been a 
dollar index developed for dystocia sire evaluations that would indicate the predicted 
economic benefit of using sires that minimize the risk of a difficult birth. Such an index could 
be readily employed in studies, for example, to enhance the utilization of sires with a higher 
potential for economic merit. 
Young sires, unproven for dystocia, have been widely used in breeding programs and 
the choice and extent of their use has been mostly dependent on each individual producer's 
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preference. The costs and risks associated with the use of sires unproven for dystocia and the 
optimum proportion to be used that would minimize the expected loss of income and risk are 
unknown for breeding recommendations. 
With this background the following objectives were formulated for this study: 
1. To estimate costs associated with dystocia scores for each parity and on 
overall basis for Holstein cattle in the United States. 
2. To develop an economic criterion (an index of expected progeny difference 
in dollars) for selection of sires in relation to their predicted transmitting 
abilities for dystocia. 
3. To determine the effect of each sire's evaluation for dystocia on their current 
semen price. 
4. To quantitate the expected net income and risk of unproven sire use and the 
optimum proportion of young sires to be used that minimizes the 
probability of loss of profit compared to the use of only proven sires . 
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LITERATURE REVIEW 
Young Sire Use 
The sires available to dairy producers through artificial insemination (AI) and non-AI 
breeding schemes can be classified into two groups, namely, proven sires and young sires. 
Proven sires are progeny tested and their breeding values estimated through their daughters' 
producing ability with high reliability. However, young sires with bettei: genetic potential 
have to be recognized and used constantly to replace comparatively inferior proven sires to 
maximize genetic progress. The first stage of young sire selection for sex-limited traits 
requires less accurate pedigree selection or some type of indirect selection (Freeman, 1975). 
The selected group then needs to be tested on dams, as the second stage, to obtain more 
reliable estimates (Loyd and Hargrove, 1991a; Dickerson and Hazel, 1944). 
Proportion of young sire use 
The extent of use of young sires for breeding purposes relative to proven sires may 
vary depending on the stud and herd management. A survey -of 14 major AI studs showed 
the different sire progeny testing schemes practiced by different studs (White, 1975). The 
approximate proportions of young sires used within herds were between 20 to 30%, while 
about 41 % of the purchases of proven bulls were based on breeder proofs not through any 
young sire sampling program. Many dairymen show reluctance to purchase semen of young 
bulls due to the risk of possible low production levels. Thus, the proportion of young sire 
use depends on the relative income of young sires and the risk associated with their use. 
Meinert and Pearson (1992) indicated that outstanding young sires with low reliabilities are 
often used at less than optimum levels due to the risk of realizing lower genetic merits than 
the estimated PTA values. The consequences of this are less . stable evaluations that affect 
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both the AI company and the semen purchaser. This also results in longer generation 
intervals and decreased rates of genetic progress. 
Relative income from young sires 
Mccraw et al. (1980) showed that milk yields of daughters of young bulls were 
approximately equal to that of daughters of AI proven bulls and selection done by AI 
organizations was below its maximum possible level. Loyd and Hargrove (199la) estimated 
that an average of 6.65 services was needed to produce a milking daughter for both 
summarized and sampling sires. At similar production levels, young sires have an additional 
economic advantage over proven sires due to their low semen prices. An economic 
assessment conducted on 19 Pennsylvania state-owned herds , in which proven sires were a 
better sample than the average in the population, showed that an additional value (premium) 
of $3.75 can be paid for semen from proven sires compared to that from young sires 
(Thornton et al. , 1982). Paying more than that for proven sires was not economical. Later, 
based on the same herds , Loyd and Hargrove Cl991b) concluded that young sires were more 
profitable for production, because the added value (per unit of semen) from increased milk 
yield from proven sires was inadequate to cover the added cost of their semen . A profit 
analysis by McMahan et al. (1985) estimated that 40% of the least profitable proven bulls 
could be replaced by young sires with semen cost of $5/ unit. The profitability was defined as 
the net income gained from that sire through the production of daughters after subtracting 
cost of semen. 
Hunt et al. 0974) showed that annual genetic progress increases with increased use of 
young sires. Within the indicated population size and for the parameter values examined, 
maximum genetic progress was achieved when 80% of the recorded population was bred to 
young bulls. One reason for this was that a large number of young bulls could be tested 
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annually. But, Kueker (1975) thought it was unreasonable to expect to breed 80% of the 
population to young sires. Single-herd proofs or syndicate proofs, where a young sire can be 
used in higher proportions, are considered less than ideal, at least in Holsteins. Aitchison 
(1989) recommended to always use a group of young sires with proven sires and limit their 
proportion from 15 to 30 percent, and to limit purchase of semen of each young sire to 10 
units. 
Risk associated with young sire use 
Low stability of young sire evaluations has been a major concern and often leads to 
less than optimal use of young sires by AI companies and dairy farmers. Sometimes, even for 
older sires, estimated transmitting abilities (ETA), calculated after second crop daughters are 
included, differ significantly from evaluations based on first-crop daughters (Meinert and 
Pearson, 1992). A large change in a bull's ETA, particularly a downward change .can cause 
dairy farmers to lose confidence in both genetic evaluations and in the AI company that 
. merchandises the semen. Meinert and Pearson 0992) also showed that evaluations of non-
AI-sampled bulls were less stable than evaluations of sampled bulls from AI organizations and 
that stability of evaluations of non-AI-sampled bulls tended to decline over time. However, 
Legates and Myers (1970) showed that limited use of young sires selected by pedigree should 
not result in major losses of production. 
The first study on risk associated with sampling young sires with certain pedigree 
estimates, to obtain a group of proven sires was done by Freeman et al. (1977). They found 
that increase in the number of young sires used to obtain a group of proven sires, exceeding 
a fixed value in their progeny test, increased the costs but decreased the risk. Also reaching 
for a better group of proven sires needed more young sires to be tested and associated with 
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higher cost and risk. The risk was defined as the standard error of the mean number of bulls 
sampled (Freeman et al., 1977). 
Accuracy of pedigree selection for production traits 
In classical animal breeding, accuracy (also called reliability) is defined as the 
correlation between predicted and true additive genetic value, r . , and it can vary from 0.00, 
A,A 
the value when breeding value is unknown, to 1.00 when known exactly. Accuracy depends 
on the heritability of the trait and on the number of records on the animal and its relatives 
used in the evaluation (Van Vleck et al. , 1987). Lower reliability associated with pedigree 
selection brings about lower stability in young sire evaluations. In contrast, a reliability value 
closer to 1.0 could be obtained for proven sires with 100 or more daughters (Henderson, 
1964). The absolute upper limit of correlation between the pedigree estimates of young sire's 
merit and their actual merit is 0.71 (Lush, 1945) and in actual practice, about 0.67 is the 
practical upper limit (Henderson, 1964). Mendelian sampling is often thought of in the 
context of limiting the accuracy of pedigree evaluations (Vinson, 1975). However, some of 
the current pedigree indexes were estimated to have an average of 37% reliability for young 
bull selection (ABS Sire Dept. Notes, 1990). In 1978 Holstein herds cooperating with three AI 
studs, the average reliability of pedigree indexes from sire, dam and maternal grandsire was 
44% and pedigree index from sire and maternal grandsire had an average reliability of 49% 
(Mccraw et al. , 1980). Their reliability estimates for young sires with first crop daughters and 
for proven sires were 81 % and 98%, respectively. Schneeberger et al. Cl981a) and 
Schneeberger et al. Cl982b) considered 30% reliability as a reasonable representation for an 
average unproven young bull and 50 to 100% reliability as adequate to include a majority of 
proven bulls. 
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Non-Genetic Factors Affecting Dystocia 
Sex of calf 
Significant effects of sex. of calf on degree of calving difficulty have been observed by 
many researchers. Male calves cause about twice as high frequencies of dystocia as females 
(Pollak and Freeman, 1976; Philipsson, 1976b; Freeman, 1984; Weller et al., 1988). This could 
be due to larger body dimensions associated with male calves (Philipsson, 1976d) but effect 
of sex was observed to be significant even after adjusting for effect of calf size (Pollak and 
Freeman, 1976). Effect of sex tends to be smaller in older cows (Burfening et al. , 1978). 
Seasonal differences 
More incidences of calving difficulties were reported from all ages of dams in winter 
than in summer (Pollak and Freeman, ·1976; Philipsson, 1976b). Chances for more exercise in 
summer and intensive surveillance around parturition in winter are likely to be the causes of 
seasonal differences (Freeman, 1984). 
Age and parity of dam 
Pollak and Freeman 0976) reported the influence of age of dam on calving ease with 
younger dams experiencing more difficulties across all parities. Some contradictory results 
were reported by Thompson et al. 0983), concluding that it is size of the dam that affects 
dystocia, not the age of dam. However, Pollak and Freeman 0976) showed effect of size of 
dam to be insignificant, suggesting a tendency for small cows to have smaller calves resulting 
in fewer incidences of dystocia. A selection experiment done by Wautlet et al. 0990) also 
found non-significant effects of body size of dams on calving difficulty approving the 
suggestion of Pollak and Freeman. Effect of body conformation on calving difficulty is well 
documented (Bellows et al., 1971; Dadati et al. , 1985). 
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Philipsson Cl976b) showed that heifers tend to produce calves with lower birth 
weights than most older cows but record higher rates of dystocia. In one of his studies , 
heifers produced 15.7% dystocia compared to 4.8% from older cows (Philipsson, 1976a). He 
suggested that this may be due to poor pelvic development of heifers which is not completely 
compensated by the smaller size of calves produced. Meijering (1984) summarized that feto-
pelvic incompatibility (FPI) and malpresentation are the main causes of dystocia for heifers 
while weak labor, uterine torsion and insufficient cervical dilation accounting for most 
incidences in older cows. Differences of incidence rates between parities become smaller in 
later parities (Philipsson, 1976b). Longer gestation length_s are also often associated with 
calving difficulties (Philipsson, 1976c). Age of dam and parity are highly confounded in most 
practical situations making it difficult to observe their effects separately. Meijering 0984) 
thought effects of birth weights have to be evaluated within parity groups. 
Recognition of the significant contributions of these environmental factors to variation 
of dystocia scores and using them in the models is the key to unbiased sire evaluation 
procedures for calving ease. 
Genetic Aspects of Dystocia 
Significant genetic variation for dystocia in cattle has been reported since about three 
decades ago (Lindhe, 1966; Cady and Burnside, 1982; Meijering, 1983; Cue and Hayes, 1985). 
As a complex trait , dystocia is influenced by both direct and maternal genetic effects in 
addition to environmental effects . Direct genetic effects are due to the effect of the genotype 
of calf on calving performance and are estimated through the ease with which the progeny of 
a sire are born (Cue et al. , 1990). They are determined by a sample half of the genes from 
both the sire and dam. M·aternal genetic effects are an expression of the genotype of the dam 
on calving performance and are determined in part by the maternal grandsire (Philipsson, 
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1976c). They are estimated from the ease with which the offspring of a sire's daughters are 
born. 
Heritability for calving ease is low. Some heritability estimates for direct genetic effect 
from various studies were 0.041 for Holsteins in the USA (Martinez et al. , 1983a), 0.043 and 
0.017 for first parity, second and later parity Holsteins in Canada (Cue et al. , 1990), 0.126 and 
0.069 for first calf and all records for Herefords in the USA (Brinks et al. , 1973), and 0.08 and 
0.04 for heifers and older cows for non-Holstein breeds in the USA (Thompson, 1980). 
Studies on maternal effects reported heritabilities of 0.056 and 0.014 for heifers and older 
cows for Holsteins in Canada (Cue et al. , 1990), and 0.0134 for Herefords (Brinks et al. , 1973). 
Negative genetic correlations were observed between direct and maternal genetic effects, at 
least in Holstein heifers in some studies (Cue and Hayes, 1985), while other studies showed 
no correlation (Boldman and Famula, 1985). Unfortunately, none of the estimates reviewed 
above were based on a threshold model analysis procedure (which today is the most 
statistically sound procedure for a trait such as dystocia, that is categorical in nature) similar to 
that explained by Harville and Mee (1984) . However, Djemali et al. Cl987b) estimated 
variance components and heritabilities using a threshold model and REML procedures for 
Holsteins in the USA. They estimated heritability of 14.7% for the underlying continuous scale 
of variation with some 13.3% of the variation due to herd-year-seasons. These estimates may 
be considered the most accurate estimates available so far for Holsteins in the USA. (Sire 
evaluation procedures are reviewed in a later section.) 
As far as production is concerned, Thompson (1980) analyzed predicted differences 
for milk yield, fat yield, fat percentage and dollar values with dystocia transmitting abilities 
and found all of the genetic correlations had an absolute value of 0.02 or less. Therefore, 
selection for production should not help or hinder selection for dystocia, however, predicted 
difference for the final type score had negative genetic correlation with calving ease. The 
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genetic correlation between calf livability and calving difficulty was estimated to be 0.66 based 
on an analysis using observed scores on Holsteins (Martinez et al., 1983a). 
Threshold Model Sire Evaluation for Calving Ease 
The first study of parameter estimation and sire evaluation on calving ease was 
conducted in the USA by Pollak 0975) and Pollak and Freeman (1976) using data collected 
by Midwest Breeders' Cooperative and Select Sires Inc. These studies developed methods to 
classify dystocia phenotypically into 5 discrete categories by assigning scores from 1 to 5 for 
no problem, slight difficulty, needed assistance, considerable force needed, and extreme 
difficulty conditions, respectively. In 1977, the National Association of Animal Breeders 
(NAAB) adopted this format for data collection (Aitchison andjohnson, 1985). Sire evaluation 
was initially performed using a mixed model with BLUP properties (Berger and Freeman, 
1978) and in 1988 it was changed to using the threshold model developed by Harville and 
Mee (1984). 
Although dystocia is measured in discrete categories as scores, it is assumed to have 
an underlying continuous normal distribution of liability (both genetic and environmental in 
natµre) with thresholds that define boundaries between observed categories. Phenotypic 
expression of the trait may fall into different categories depending on whether the underlying 
liability is above or below the lower and upper threshold levels that define each category 
(Falconer, 1989). The following threshold model is used in current dystocia sire evaluation 
procedure (Clutter et al., 1989): 
Yijklmno = µ + Xi + Pj + hyk + fl + gm + bmn + eijklmno [1] 
where 
Yijklmno = the underlying continuous variable (liability), 
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µ = an effect common to all of the observations, 
Xi = effect of ith sex of calf (fixed; 1 "". male, 2 = female), 
Pi = effect of jth parity of dam (fixed; 1 =first parity, 2=second parity, 
bmn 
eijklmno 
and 3=later parities), 
= effect of kth herd-year (random), 
=effect of 1th season of calving (fixed; l=summer, 2=winter) , 
= effect of mth birth year group (fixed), 
= effect of nth sire (random) within the mth birth year group, 
= random residual effect. 
This model assumes that the underlying continuous response follows a mixed linear model 
(Harville and Mee, 1984). The mLxed model equations are 
[x~ 
U' L 
L'X 
X'RX 
U'RX 
[2] 
where ~Ck > is the vector of solutions for the thresholds defining boundaries between observed 
scores for the kth iterate. The &. and ~ are vectors of solutions for fixed and random effects, 
respectively. Elements of the coefficient matrix and right-hand sides are functions of the ~ , 
&. , and ~ effects as defined in Harville and Mee (1984) . This model is a standardized 
threshold model making residual variance equal to one and ~1 equal to zero and then solved 
iteratively to obtain solutions for thresholds, fixed, and random effects in the model (Berger et 
al., 1989). The inverse of the (co)variance matrix, D-1 , accounts for the dispersion among 
random elements in the model (i.e. , herd-years and sires). Therefore, 
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o-' = l_ 
[
0-
1 o ] 
o 0 -1 
2 
where D11 =1cr
2
/ 2 and 0~1 =A-1cr2/ 2. /crh /crb Estimates of the variance components reported 
by Djemali et al., (1987b) are used in the evaluation and A-1 is the inverse of the numerator 
relationship matrix among bulls with progeny, their sires and maternal grandsires . 
Expected progeny difference (EPD) for calving ease 
Expected progeny difference of a sire for calving ease is the solution obtained from 
solving the threshold mixed model equations. This is a measure of a sire's expected calving 
difficulty relative to the population mean on the underlying scale after adjusting for herd-year, 
season, sex of calf, parity of dam, and effective number of progeny of the sire. Expectation of 
the population mean EPD is zero. (Berger et al. , 1989). 
Expected percent difficult births in heifers (EPcn 
The objective of conducting a national evaluation of sires for calving ease is to identify 
the liability or risk of a difficult birth. The threshold model provides two ways for reporting 
sire solutions to dairy producers: 1) as EPD 's on the underlying continuous scale of liability; 
or 2) as a probability statement expressing the expected percentage of difficult births. Early in 
the development of the program , members of the NAAB Sire Evaluation Committee for 
Calving Ease decided that the best interest of the industry as a whole was served by reporting 
the sire evaluations as the Expected Percentage of Difficult Births in Heifers (EPCi). Primarily, 
because heifers have a higher percentage of difficult births than cows, sire solutions on the 
underlying scale of continuous liability are not easy to interpret, and it is difficult for breeders 
to choose among bulls with similar EPD's. The predicted EPD's can be transformed from the 
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underlying scale of continuous liability to a scale of probabilities , but this requires estimates of 
effects from the threshold model. Harville and Mee (1984) gave a general procedure for 
defining linear functions of the -solutions from the threshold model that can be transformed to 
a scale of probabilities. Of course, there are several probability statements from any set of 
solutions and the significance of each will depend on the way they are to be applied . For 
practical reasons , the worst case scenario is reported to breeders to assist them in choosing 
bulls to use in their breeding programs that minimize the liability of a difficult birth. 
Therefore, the EPCi for scores 4 and 5 which is generally termed expected percent difficult 
births in heifers (EPCT), is calculated by using the following equation (Berger et al. , 1989). 
EPCj 1 - <1> c~ - µA - x - PA - i - gA - b ) ":>3 l l 2 m mn (3) 
where, 
EPCi realized value of a sire in terms of scores , presented as a percentage, 
<I> O cumulative normal density function , 
~3 threshold between scores 3 and 4 on the underlying continuous scale of 
liability, 
and µ, Xp p1 .f 2 , gm, and bmn are solutions to corresponding effects described in [ll. Scores 4 
and 5 are usually treated as difficult births for purposes of reporting each sire 's evaluation. 
Therefore, EPCT of a sire is defined as the probability that the progeny of that sire to record 
dystocia scores of 4 and 5, after adjusting for sex of calf, parity of dam , season of birth and 
birth year group of the sire . Solution for ~3 is used for EPCT calculation. The mean EPCT 
value has been stable over the past few years in the Holstein population in the USA indicating 
that there has not been much selection pressure exerted on Holsteins in terms of calving 
difficulty (Berger and Healey, 1991). 
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Reliability of prediction 
In the threshold model sire evaluation, reliability is defined as the squared correlation 
between the predicted and "true" transmitting ability (Berger, 1991). The squared correlation 
is derived by using fundamental properties of mixed models (Berger, 1991) and simplifies to 
the following expression: 
where, 
var (s-s) 
Var (s) 
k 
r~ =l- Var(s-s) =l-b;;k 
~ Var(s) 
= variance of the difference between predicted and "true" transmitting 
ability (prediction error variance), 
= variance of "true" transmitting ability, 
= diagonal element of the inverse of the coefficient matrix of the 
threshold equations corresponding to the ith sire, 
cr; I cr2s. 
Therefore, reliability is a direct function of prediction error variance and provides information 
about accuracy of the evaluation. Inclusion of both progeny information and highly reliable 
pedigree information increases the reliability of a sire's estimate of expected progeny 
difference (Berger, 1991). 
Effects of Dystocia 
Severe calving difficulties in herds affect both milk yield and reproductive efficiency. 
The economic loss is mainly due to calf mortality , death of dam and extra labor required. 
Retarded growth of calves is also common. Higher cow culling rates are the consequences of 
calving lesions, depressed fertility , low milk yield and potential for reoccurring incidences of 
dystocia (Philipsson, 1976e) . 
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On reproduction 
Many studies have used dystocia scores, from 1 being normal to 5 for extreme cases, 
to estimate its effects. Djemali et al. (1987a) reported an increased number of days open 
associated with dystocia for Holsteins in the USA; 14 days greater for births scored 5 
compared to those that scored 1 in the first parity; 26 days for second parity; and 19 days for 
third and subsequent parities. A study on herds in California showed higher calving 
difficulties bring about more days open, longer interval to first breeding and low fertility rates 
(Thompson et al., 1982). A study on Holsteins in Canada (Mangurkar et al., 1984) also 
reported lower percentages of conception rates from first service and higher number of 
services per conception. Reproductive efficiency tended to decline more with advancing age . 
A study on Holstein records of NAAB (Martinez et al. , 1983a) found calf losses increased 
heavily with increased calving difficulty for both sexes of calves. Heifers had the highest loss 
of calves. Losses among the other parities were equal, but less than those of heifers . This 
was probably related to higher observed incidences of dystocia in heifers. Martinez et al. 
Cl983a) also observed that 56.5% of all calves born with a dystocia score 5 (extreme difficulty) 
died during first 48 hours while 27% died with score 4 (considerable force needed) . 
On milk and fat yield 
Djemali et al. Cl987a) reported a loss in both milk and fat yields for cows giving birth 
to calves scored 5 (extreme difficulty) versus l (no problem); 465 kg and 20.7 kg for milk and 
fat yield, respectively, in the first lactation; 576 and 20.9 kg in the second lactation; and 725 
and 25 kg in third and later lactations. Higher milk losses in later parities may be associated 
with higher milk yield in these parities. Thompson et al. (1982) observed lower milk yields in 
the first 30 days following a severely difficult birth, but no loss in milk yield after 30 days. 
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Mangurkar et al. Cl 984) reported non-significant losses of milk, fat and protein yields due to 
calving difficulty except for surgical calvings for Canadian Holstiens. For those with surgeries, 
milk loss was between 300 and 500 kg per lactation, fat loss was 8 to 17 kg, and protein loss 
was 8 to 14 kg. 
Economic losses 
Shanks et al. (1981) and Mahoney et al. (1986) separately estimated that approximately 
26% of total health disorders in Holsteins were reproductive disorders and accounted for 21% 
of total health cost and so the cost of reproductive disorders was $1.06 per 30 day interval 
that a cow was in herd. The first reproductive concern was at calving. Cost of labor was 
$0.083/ min. and from 1974 to 1975 the price for a caesarean section was $50.00 and for 
general surgery the price was $25.00. Total health cost was 3 to 6% of the value of milk yield 
(Shanks et al. , 1981). Later, Shanks et al. 0982) concluded that health costs could not be 
ignored in selection for increased milk yield and under the condition of index selection for 
milk and health, the total economic meriE will be improved in dairy cattle. 
Calving difficulty appears to account for a major portion of the cost associated with 
health disorders. Philipsson Cl976e) estimated that half of the cost of calving difficulty was 
due to calf losses . Estimates for the cost of dystocia, evaluating its major effects, are 
infrequently reported in the literature . Based on calf losses from Martinez et al. 0983a), 
values of $0 .133 per kg of milk , $3.75 per kg of milk fat , and $2.50 per days open greater 
than 90 days, Djemali et al. Cl987a) reported economic losses associated with dystocia for 
Holsteins in the USA. Economic losses due to calf mortality were estimated to be $70.00 and 
$150.00 for males and females , respectively. They reported expected losses due to dystocia 
scores 4 and 5 versus 1 at $2.03 for days open, $2.73 for milk, $2.99 for milk fat , and $6.91 for 
calf losses . The total economic loss was $1 4.66 per cow per lactation. Including cow culling 
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and occasional cow deaths, Smith et al. (1985) estimated this figure to be about $35.00 in first 
lactations. The costs associated with each characteristic of performance used in these studies 
may vary over time and region of the country, for example, cost per number of days open 
was $1.99 for the Western region of the USA (Grusenmeyer et al. , 1983) while for the Midwest 
region the loss was considered to be $1.00 per day for the first 85 days open and $3.00 per 
day afterwards (Dairy Herd Analyzer-Iowa, 1992). In general , however, knowledge about 
overall costs associated with each dystocia score is poorly documented. 
Economic indexes 
The USDA Animal Model genetic evaluation procedure evaluates Predicted 
Transmitting Abilities (PT A) each year which are best linear unbiased predictors of sires' 
ability to transmit its genetic merit for milk , fat and protein yield to his future progeny relative 
to a defined genetic base. PTA's can be expressed as dollar values using an index based on 
weighted PTA estimates for milk, fat and protein of an animal. The relative weights are 
calculated based on national average milk prices, and fat and protein differentials (Aitchison, 
1989; Bath et al. , 1985). The index used for the January, 1992 USDA-DHIA active AI bull 
evaluations is 
PTA$ $ 0.03664 (PTA milk) + $ 1.04 (PTA fat) + $1.28 (PTA protein) [5] 
and is based on a 1991 US average milk price of $11.40 per cwt. of milk, 3.5% fat and 3.2% 
protein, and differentials of 10.4 cents for fat percentage and 12.8 cents for protein percentage 
after deducting average hauling costs , assessments , and promotion charges (H. D. Norman, 
Personal Communication, 1992). 
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The Holstein sires designated as active AI sires by the respective AI organizations for 
1992 Animal Model evaluations averaged 1584 lbs of PTA milk, 53 lbs of PTA fat , and 45 lbs 
of PTA protein resulting in an average PTA$ of $170. Non-AI bulls evaluated by the animal 
model had an average of 317 lbs of PTA milk, 12 lbs of PTA fat, and 10 lbs of PTA protein, 
averaging to $36 for PTA$ . By January 1992, the young Holstein sires selected on pedigree 
indexes for AI progeny testing averaged 118 lbs of PT A milk, 44 lbs of PT A fat , 35 lbs of PT A 
protein and $133 for PTA$. Similarly, young sires selected as non-AI bulls had 445 lbs of PTA 
milk, 17 lbs of PTA fat , and 14 lbs of PTA protein and an average of $51 for PTA$ (Sire 
Summary List, 1992). The expected difference between daughters of AI and non-AI young 
sires was $82. These were all relative to PT A90 genetic base. 
Factors Affecting Semen Price 
Several articles have investigated th~ factors affecting semen price . Primarily, bull 
studs price semen on demand and the amount of semen produced. Herds with higher 
conception rates, low calf mortality and younger ages at first calving can afford higher prices 
(Wilder and Van Vleck, 1988). The main genetic factors that affect semen price are Predicted 
Difference in dollars (PD$) , in milk (PDM), in milk fat (PDF), which are currently being 
reported as PTA$ , PTAmiJk, and PTAfat; fat test (PD%); type (PDT) ; number of daughters; 
reliability and Total Performance Index (TPI) (Shook and Sendelbach, 1975; Cole and Rakes, 
1979; Tomaszewski et al. , 1982; Van Raden and Freeman, 1982; Cassell , 1986; Wilder and Van 
Vleck, 1988). Schneeberger et al., Cl982b) conducted some statistical analyses on semen price 
versus the variables that affect it in order to determine the factors that affect semen price 
significantly and to obtain a prediction equation for semen price based on those variables. A 
set of 536 active AI sires from 12 studs were used and sire estimates of genetic merit for milk, 
fat and protein production and the prediction error variance associated with the estimates 
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were used in the model as independent variables. The following prediction equation was 
obtained by the regression analysis. 
Semen price 8.046 - 0.09784 PD$ + 0.0009527 PD$2 - 0.003952 Cl-R)cr2 [6] 
where PD$, R and cr2 were transmining ability in dollars, reliability of the PD$ estimate and 
variance of PD$ values, respectively. The formula indicates that the mean semen price for the 
proven sires was $ 8.046 and the coefficient of each variable shows the relative importance of 
the effect of each variable. The equation shows that the semen price increases exponentially 
with the sire solution for milk, fat and proteiQ yield, and reliability of the genetic merit for 
milk, fat and protein estimates also play a significant role in pricing semen of sires 
(Schneeberger et al. , 1982b). Effect of results of sire evaluation for calving ease , such as 
information on predicted difference of calving ease of sires on their semen p~ice , has not 
been reported in the literature. 
Expected Income and Risk Functions 
Every economic enterprise consists of costs which are associated with inputs and 
incomes associated with outputs of the enterprise. The aim of an economic enterprise is 
maximizing profits through minimizing costs and maximizing incomes. The net income or 
profit function for that kind of a situation could be defined as follows (Anderson et al. , 1977): 
x Py Y - Pv W - F (7] 
where, 
x unknown random variable for net income, · 
Y uncertain level of output, 
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Py = unknown price per unit of Y, 
W = known _input decision variable, 
Pw = known price per unit of W, and 
F = fixed costs. 
The net income variable x can vary depending on the output level Y and price of the output 
level Py for a given level of input W and its price Pw. This random variation of x for each 
level of W is defined as risk and it can be measured by its variance or standard deviation 
(Anderson et al. , 1977; Schneeberger et al. , 1982b). Expected level of x and its variance can 
vary depending on the level of W. Dairy industry involves inputs and outputs and the aim is 
to maximize net income. Thus expected level of x and variance of x, V(x), also can be 
defined for each input variable and its level of use . Dairy producers purchase semen (W) 
from studs with known prices, Pw, and expect income through production of primarily milk, 
fat, protein , and male calves. The genetic makeup of the semen purchased can lead to 
additional costs associated with health disorders , such as dystocia . These costs can be 
incorporated into the net income function and the result can be higher risk levels. 
An expected net income function for the situation where a sire transmits his genetic 
merit of income and cost to his daughters and their descendants and a function for variance 
of net income were derived by Schneeberger et al. Cl982a) by combining economic theory 
and discounted gene flow theory . Four generations of offspring were considered in the 
derivation of expected income. The income associated with the sire was considered to be 
halved in each offspring generation as the sire's genetic contribution is halved. All of the 
costs , except semen cost were assumed to be 40% of the income. Because the net present 
value of the income gained diminishes through time, the net incomes obtained in each year 
were discounted back to the base year which was the year that his daughter recorded her first 
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lactation. Finally, the following formula was obtained as the net expected income expressed 
relative to the present year (Schneeberger et al., 1982a). 
E(I) = 2.26 PD$ - 7.99 P [8] 
where; E(I) was the net expected income in dollars; the value 2.26 was the discounted total of 
the coefficients used to convert the sire's genetic contribution to ME milk and ME fat of 
offspring, in each parity and each generation; PD$ was the predicted difference in dollars; 
7.99 was the discounted value of 6 (i.e., six inseminations to obtain a daughter); and P was 
the price of semen of the sire. This formula showed a way to obtain the net income realized 
from a sire through four generations of offspring. It was assumed that the effect of the sire 
after four generations of offspring become negligible and six units of semen was required to 
<?btain a daughter. 
The variance of the true genetic merit , given the predicted value, is defined as 
prediction error variance. This is a function of the reliability of the prediction. Variance of 
the income from the sire was fomrnlated by Schneeberger et al., 0982a) using this basis and 
they obtained the following formula 
v [9] 
where R and cr2PD$ were reliability of PD$ estimate and variance of PD$ value, respectively. 
Fixed costs were considered to be 40 % of total income and a discount rate of 10% was used 
in calculating the indexes. 
Because young sires have lower semen prices, more use of them may increase income 
with an increase in risk due to associated lower R values. Utility of an individual for a given 
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level of income and risk is expressed in the utility function of the person. This function is 
unique to the individual and the assumption is made that given a set of choices, each 
individual tries to select the choice that maximizes their utility. The utility of a dairy farmer 
for any given combination of young and proven sires with given expected income and risk 
status can be approximated by a utility function involving only mean and variance, such as 
u a1 E + az v [10) 
where U is the utility of the individual for a given proportion of young sires, E and V are the 
expected income and risk associated with the combination of sires, and a 1 and az are unique 
weights for each individual farmer . The sign of az could be positive, zero or negative for risk 
prone, neutral or risk averse individuals , respectively. The sign of a1 is considered positive 
for a person with rational behavior. The proportion of use of young sires may vary, 
depending on a1 and az weights of an individual farmer. For example, a risk prone dairy 
producer may use a higher proportion of young sires to reach a higher income level , facing 
more risk, while others may not. Using information furnished by 8 studs from different 
regions of the USA, Schneeberger et al. Cl98lb) estimated the utility function of farmers 
purchasing semen from active Holstein sires . A multiple regression procedure on semen 
purchases versus associated income and variance was used to obtain estimates for a 1 and az. 
Because utility is measured on an arbitrary scale , both a1 and az weights were expressed 
relative to value of a 1. They found highly significant a1 values and smaller negative ·a2 
values. Only some of the az values were significant. This indicates that semen purchases 
were primarily based on expected income with a slight preference toward higher reliabilities. 
Negative az values indicated that most dairy producers are risk averse type. Based on these 
findings Schneeberger et al. Cl982a) considered the utility function 
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u E - 0.02 V [11] 
as a reasonable representation of the utility of an average dairy producer in the USA for 
semen purchases. 
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MATERIALS AND METHODS 
Evaluation of Costs of Dystocia Outcomes 
Information sources 
The evaluation of cost associated with dystocia outcomes was based on data and 
findings of the studies on effects of dystocia conducted by Martinez et al. (1983a, b) and 
Djemali et al. (1987a). Information on calf losses and number of observations in parity-
dystocia score subclasses were obtained from Martinez et al. (1983a, b). The study of 
Martinez et al. Cl983a, b) was on livability and dystocia were based on the data obtained from 
National Association of Animal Breeders. They were collected by individual dairy producers 
cooperating with artificial insemination organizations throughout the USA. The records were 
of complete information on herd code, date of birth, date bred, gestation length, calf livability 
score, dystocia score, sex of calf, size of calf, parity of dam, and sire of calf. There were a 
total of 136,775 records. Calving difficulty was measured by assigning scores; 1 for no 
problem, 2 for slight assistance, 3 for needed assistance, 4 for considerable force needed, and 
5 for extreme difficulty. Parities of cows were assigned numbers; 1 for heifers, 2 for cows in 
second parity, and 3 for cows in third and later parities. The number of observations in each 
dystocia score-parity subclass are included in Table 1 in parentheses. Based on this number 
of observations, frequencies of the dystocia scores in the population were calculated on 
overall basis and separately for heifers, second parity cows and for cows in third and later 
parities. 
Information on number of days open, loss of milk and milk fat were obtained from 
the study of Djemali et al. Cl987a). That study was on determining the effects of dystocia on 
days open, ME milk and ME fat yield. In that study, least square analyses had been 
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Table 1. Frequency (percent) of calf livability scores by parity of dam and calving difficultya 
Calving difficulty 
Parity Livability All 
of scores calving 
dam 1 2 3 4 5 scores 
1 1b 95.94C 89.33 85.70 71.13 40.78 89.53 
2 4.06 10.67 14.30 28.87 59.22 10.47 
(17,806)d (3,291) (4,699) (2,217) (1,117) (29,130) 
2 1 97.05 90.27 84.43 75.24 47.82 94.52 
2 2.95 9.73 15.57 24.76 52.18 5.48 
(29,378) (2,399) (2,640) (845) (456) (35,718) 
3 1 96.96 88.03 81.15 74.57 44.68 94.33 
2 3.04 11.97 18.85 25.43 55.32 5.67 
(60,430) (4,474) (4,891) Cl,328) (804) (71,927) 
All parities 1 96.81 88.98 83.60 72.96 43.45 93.35 
2 3.19 11.02 16.40 27.04 56.55 6.65 
(107,614) (10,164) (12,230) (4,390) (2,377) (136,775) 
asource: Martinez et al. Cl983a). 
buvability scores (1 = alive, 2 = dead at birth or within 48 hours). 
Cfrequencies are relative to the number of observations in each subclass. 
dNumber of observations in the parity of dam-calving difficulty subclass. 
performed on dystocia scores versus each affecting variable (days open, ME milk yield, and 
ME fat yield) using herd-year-season and sex of calf effects as additional fixed effects. The 
data were 141 ,655 lactation records of Holstein cows in the DHI program collected through 
the Mid-States Dairy Records Processing Center from June 1982 through January 1984. Two 
seasons defined were from April to September and from October to March. Calving difficulty 
had been measured the same way as in Martinez et al. Cl983a, b). 
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Cost calculation 
It was assumed that the major consequences of dystocia are loss of calves , higher 
number of days open, losses of milk and fat yields. Because the extent of the losses depends 
on parity of the cow, cost evaluation was first conducted parity-wise and later the parity-wise 
costs , weighted by their frequencies , were added to obtain overall costs associated with each 
score as explained in detail in a latter section. 
Calf losses Information required on calf losses associated with each score for 
each parity were derived based on the results of Martinez et al. (1983a, b). Calf losses by 
parity of dam and dystocia score are given in Table 1. Parity-wise male and female calf losses 
are given in Table 2 as extracted from Martinez et al. Cl983a) . Table 2 shows that the 
probability of calf losses at birth or within 48 hours is higher for male calves than for female 
calves. But the probability that any calf born is a male is equal to that for a female in every 
parity. Thus, with the help of the information in Table 1 and Table 2, male and female calf 
losses for each parity-score subclass were derived. For example, Table 1 shows that for 
Table 2. Frequency (percent) of calf livability scores by sex of calf and parity of dam a 
Parity of dam 
Sex of calf Livability scores 1 2 
Male 
Female 
1b 87.19C 93.66 
2 12.81 6.34 
(14506)d (17982) 
1 91.85 95.39 
2 8 .15 4.61 
(14624) 07736) 
asource: Martinez et al. (1983a). 
buvability scores (1 = alive, 2 .= dead at birth or within 48 hours). 
cFrequencies are relative to the number of observations in each subclass. 
dNumber of observations in the parity of dam-sex of calf subclass. 
3 All parities 
93.80 92.37 
6.20 7.63 
(36501) (68989) 
94.87 94.35 
5.13 6.65 
(35426) (67786) 
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heifers, any calf born with score 1 has a 0.0406 probability to be dead at birth or to die within 
48 hours of birth. Table 2 shows that approximately 50% males and 50% females are born to 
heifers and the males born to . heifers have a 0.1281 probability to die at birth or within 48 
hours, while for females the probability is 0.0815. Therefore, dead calves should consist of 
[(0.1281)/ (0.1281+0.0815)]•100 percent male calves, which is about 61.12%. Because the 
probability of a heifer losing a calf (male or female) born with score 1 is 0.0406 the 
probability of losing a male calf in the first parity-score subclass is 0.0248. The values of live 
male and female calves at birth were considered $70 .00 and $150.00, respectively. These 
figures are in accordance with the estimates of Djemali et al. Cl987a). Complete information 
on costs of calf losses associated with score-sex of calf subclasses are presented in Tables 24, 
25 , and 26 for heifers, second parity cows and for cows in third and later parities, 
respectively. 
Other losses Information on number of days open, milk loss and milk fat loss 
associated with each score-parity subclass are presented in Tables 3, 4 and 5. These were 
within parity least square solutions for the effect of dystocia scores on days open, loss of 
mature equivalent milk and mature equivalent milk fat production for each dystocia score 
after adjusting for herd-year-season and sex of calf effects . The least square solutions for 
score 1 in all parities were restricted to zero . Thus, the effects of the other 4 scores were 
expressed relative to score 1. Based on these figures , costs associated with scores were also 
calculated relative to score 1. Because score 1 is for the condition of no difficulty, this 
comparison resulted in costs adjusted for all of the external fixed and variable costs involved 
other than those due to dystocia. These external cost variables were assumed to be uniformly 
distributed across dystocia scores. 
Number of days open Average numbers of days open for each parity 
were 121 , 128, and 130 days for first , second, and third and other parities, respectively 
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(Djemali et al., 1987a). Thus, according to Table 3, heifers recorded score 1 had the least 
number of days open. Cost for days open used in this study were $1 per day for days open 
more than 85 days up to 115 days and $3 per day afterwards, as recommended by the Iowa 
State Dairy Extension Service (Dairy Herd Analyzer - Iowa, Dys-3045) for the Midwest region. 
Because the solutions in Table 3 were obtained with restrictions imposed, it was not known 
whether the real number of days open in each score-parity subclass was between 85 and 115 
days ($1 region) or more than 115 days ($3 region). Therefore, the real number of days open 
were derived for heifers with score 1 using theory of estimability to locate the minimum 
Table 3. Effects of dystocia scores on days opena 
Parity 
of 
<lamb 
1 
2 
3 
1 
0 
0 
0 
asource: Djemali et al. (1987a). 
2 
Calving difficulty 
3 
6 
7 
10 
bParity (1 = heifers, 2 = 2nd parity, 3 = 3rd and other parities). 
CLeast square solutions restricting solution for 1=0. 
4 
10 
12 
6 
5 
14 
26 
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number of days open in a subclass (Appendix A). The results indicated that the minimum 
was approximately 115 days, so $3 / day value was used for all of the subclasses: 
Milk and Fat losses Milk and fat losses relative to score 1 are given in 
Tables 4 and 5. PTA$ index used for milk(lbs) and milk fat(lbs) by USDA under 1992 US milk 
and milk fat price averages (H. D. Norman, personal communication, 1992) was used to obtain 
combined costs associated with milk plus fat losses. The index method provided a way to 
estimate the cost of loss of milk with 3.5% fat plus cost of additional loss of fat. 
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Table 4. Effect of dystocia on loss of ME milk yield (kg)a 
Parity 
of 
damb 
1 
2 
3 
Calving difficulty 
1 2 3 
oc -38d -92 
0 44 139 
0 181 174 
aSource: Djemali et al. (1987a). 
bParity (1 = heifers, 2 = second parity, 3 = third and other paritie~. 
cLeast square solutions restricting solution for score 1 = 0. 
dNegative values mean gains in milk production compared to score 1. 
Table 5. Effect of dystocia on loss of ME fat yield (kg)a 
Parity 
of 
damb 
1 
2 
3 
Calving difficulty 
1 2 3 
oc -l.6d -1.8 
0 2.7 3.9 
0 8.9 7.4 
asource: Djemali et al. 0987a). 
bParity (1 = heifers, 2 = second parity, 3 = third and other parities). 
cLeast square solutions restricting solution for 1 = 0. 
dNegative values mean gains in milk fat production compared to score 1. 
4 5 
113 465 
95 576 
421 725 
4 5 · 
2.5 20.7 
4.0 20.9 
16.9 25 .0 
Because the least square solutions were given in metric units an appropriate index for metric 
units was developed and given below. 
PTA$ 0.17107 PTAmiJk(kg) + 2.2928 PTAfat(kg) [12) 
The formulation of the index is given in AppendLx B. (The US average milk price was given 
in terms of price per 1 lb of milk with 3.5% fat content. Therefore, this price accounted for 1 
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lb of milk, as well as, 0.035 lbs of fat. Thus, multiplying the total milk loss by the average 
price of milk, and total fat loss by the average price of fat, and adding these two costs 
together to obtain the total economic loss of milk and fat was incorrect, because cost of milk 
loss also accounted for cost of a part of fat loss . However, the index [12) provided a way to 
account for milk and fat losses separately.) 
Costs for calf losses, milk and fat losses and cost due to number of days open were 
added up to obtain cost for score-parity subclasses. Multiple regression analyses were used to 
determine the relationship between cost (dependent) and score (independent) variables for 
each parity. Linear, quadratic and cubic forms of score variables were fitted independently, 
taking cost as the dependent variable. Because all of the costs were evaluated relative to the 
normal condition, the solution for the cost of score 1 was forced to be zero in the analysis. In 
order to do this, (scorei -1) was used as the independent variable and 'no intercept' option 
was used in the Statistical Analysis System program. The regression formula of the best-fit 
curve was selected as the appropriate prediction equation for cost versus score variable . 
The costs of score-parity subclasses were added under each score and divided by the 
number of parities to obtain the (unweighted) overall costs associated with dystocia scores. 
In addition to this , the costs of the subclasses were also added after being weighted by 
frequencies of heifers, second parity cows and cows in third and later parities in order to 
obtain the costs associated with dystocia scores as seen in the population (Table 27). 
The costs of score-parity subclasses weighted by the frequencies of dystocia scores 
were added parity-wise to obtain cost associated with each parity group. These costs were 
then expressed relative to the ~3 party group, since ~3 parity group represents the mature 
cows. Expressing costs of dystocia this way was considered equivalent to expressing milk 
and milk fat yields on a mature equivalent basis and was useful in forthcoming expected 
income index derivations . A summary of cost calculation is given in the Appendix C and D. 
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Derivation of Expected Progeny Difference Dollar Index 
The 1991 National Association of Animal Breeders (NAAB) dystocia sire evaluation 
provided solutions for 18,527 Holstein sires based on 2,878,277 records using the threshold 
model analysis procedure developed by Harville and Mee (1984) . This evaluation procedure 
provided expected progeny difference values (EPD) and expected percentage of difficult 
births for heifers for each sire with solutions for the other factors in the model; overall mean, 
sex of calf, parity of dam, herd-years, season of calving. The EPD values were the sum of 
solutions for birth year group of sire and solution for effect of sire within birth year group. 
These solutions were used in this study. The NAAB data base included all calving reports 
from participating organizations since January 1978. Sires were grouped by birth year (~1976, 
1977, ... , 1988, 1989-91 , unknown) and birth year groups were included in the model to 
establish a base reference for all sires. The base was determined by progeny of all bulls born 
prior to 1977. The programs were available at the Iowa State University to calculate the 
expected progeny difference (EPD) and the expected percent of difficult birth (EPCT) for each 
sire using a threshold model analysis. EPCT was defined as the probability of the progeny of 
a given sire with a given EPD to report scores 4 or 5 at their first parity when yielding a male 
calf during winter season. Considering this extreme situation to calculate EPCT values 
provided an upper bound for the probability of a difficult calving expected for each sire. The 
following formula has been used to obtain the EPCT value for sires after solving the threshold 
model equations. 
EPCT 1 - <l>(t - µA - x - PA - s - gA - b ) '-,3 1 1 2 m mn (13] 
where, 
EPCT probability of progeny of a sire to record scores 4 or 5 when cows in 
their first parity yielded a male calf in the winter season, 
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<t>O cumulative normal density function, 
A s3 solution obtained using threshold model analysis for the threshold 
between. observed scores 3 and 4 on the underlying continuous scale 
of liability, 
A 
µ threshold model solution for overall mean, 
A 
x1 threshold model solution for effect of male calf, 
A 
p1 threshold model solution for effect of first parity dam, 
A 
s2 threshold model solution for effect of winter season, 
A 
gm threshold model solution of the sire's birth year group, 
bmn threshold model solution for effect of the sire within his birth year 
group. 
A 
Replacing S3 of the formula (13] in the program used at Iowa State University for 
A 
calving ease sire evaluation by ~4 , which is the solution for the threshold between scores 4 
and 5, provided the probability of the progeny of a sire to report score 5 when the cows are 
in their first parity yielding a male calf in winter season. This probability was termed PCT5 
for further use. Subtracting PCT5 values from the EPCT values already calculated provided 
the probability of the progeny of a sire to report score 4 when the cows are in their first parity 
A 
yielding male calves in winter. This probability was defined as PCT4. Use of ~2 in place of 
A 
~ 3 in the formula (13], which is the threshold between scores 2 and 3 in the liability scale , 
provided the probability of the progeny of a sire to report score 3, 4 or 5 when the cows are 
in the worst case explained above. Subtracting EPCT values from the probability of the 
progeny of a sire to report score 3, 4 or 5 provided the PCT3 values for each sire which were 
the probability values for the progeny of each sire to report score 3 under the above 
mentioned situation. SimilaTly, use of Si , which is the threshold between scores 1 and 2 
under the liability scale, provided the probability of the progeny of a sire to report scores 2, 
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3, 4 or 5 under the same condition. Subtracting (PCT5 + PCT4 + PCT3) from this probability 
provided PCT2, which corresponds to score 2. Finally, subtracting (PCT5 + PCT4 + PCT3 + 
PCT2) from 1.00 provided PCTl, which is the probability of the progeny of a sire to report 
score 1 when the cows are in the worst scenario mentioned above. 
Preliminary analysis showed that PCTl tended to decrease when the value of EPD 
increases, indicating that the progeny of a calving-difficult bull has less probability to report 
score 1 at the worst case scenario. The PCT2, PCT3 , PCT4 and PCT5 values increased with 
increase in EPD value. Linear regression analyses were performed on PCT values versus EPD 
values for the 18,527 sires to determine the relationship between these variables . 
Overall costs (weighted) associated with each score have been calculated in a 
previous stage of the study (Table 24) . The five PCT's for a sire defined the probability of 
observing a future progeny in each of the five outcome groups (scores). The costs associated 
with each score were weighted by a given sire's PCT values and added together to obtain the 
cost associated with each sire's EPD value. This cost was termed EPD$ values and the index 
is as follows : 
EPD$ 0.0000 • PCTl + 36.5554 • PCT2 + 55 .0832.PCT3 + 102.7969•PCT4 
+ 257.8772.PCT5 
36.5554•rcr2 + 55.0832•pcr3 + 102.7969·PcT4 + 257.87n·rcr5 [14) 
This index provided the cost of dystocia associated with each sire's EPD value. The computer 
program for the calving ease sire evaluation was extended to include the EPD$ index and 
EPD$ values were calculated for all 18,527 sires in the data set. A regression analysis was 
conducted on EPD values versus EPD$ values of the 18,527 sires to determine the relationship 
between the transmitting ability of a sire for dystocia and its associated cost. Results of the 
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analysis are discussed in detail in the Results and Discussion section (Table 13). The 
following prediction equation was obtained from the linear regression analysis with a value of 
0.99 as the coefficient of determination (R2) . 
EPD$ 25 .16 + 38.79 • EPD (15] 
Although higher order analysis (using EPD and EPD2) resulted in R2 value of approximately 
1.00 with a more complicated prediction equation (Table 14 in the Results and Discussion 
section), the linear regression equation was considered sufficient for subsequent use in this 
study. There were two reasons for this. 
The first reason was that linear relationship enables EPD$ index to obtain additivity, 
which is an important property of EPD values. This property enables EPD$ index to be used 
in cases, such as sires transmitting costs to their progeny in halves. This index was used 
extensively later in the derivation of an index for expected income for sires. 
The second reason was that it explained most of the variability of the EPD$ values and 
sire ranking by using formula (15) and a more complex equation was the same. More details 
about the analyses and behavior of the EPD$ index are discussed later in the Results and 
Discussion section of the thesis. 
Determination of Factors Affecting Semen Price 
Information on milk, fat and protein production and reliability of estimates of 86,390 
Holstein sires from the July 1991 animal model sire evaluations were matched with the 1991 
NAAB dystocia sire evaluation. A set of records from 18,527 sires used in the 1991 NAAB 
dystocia sire evaluation provided information on EPD estimates and reliabilities associated 
with them . A group of five major AI organizations (21st Century Genetics, Eastern AI 
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Cooperative Inc. , Select Sires, American Breeders Service Division, and Kansas Artificial 
Breeding Service Unit) provided current semen prices for 862 Holstein sires. After matching 
the records there were 540 AI proven sires with complete information. 
Milk, fat, protein and reliability 
Multiple regression analyses were conducted using PT A$ values for milk, fat and 
protein, PTA$2 and reliability of PTA estimates (R) as independent variables and semen price 
as the dependent variable for 540 sires. The PTA$ , PTA$2 and R variables were fitted step-
wise (often called forward selection of variables) in order to find the effect of these three 
variables on semen price. The forward selection of variables showed that all three variables 
significantly affect semen price. 
Effect of EPD estimates and reliability on semen price 
Linear regression analyses were conducted treating semen price as the dependent 
variable and EPD values, EPD$ values and EPCT values individually as the independent 
variable. Preliminary correlation analyses between EPD, EPD$ and EPCT variables showed 
that they were highly correlated. This was because EPCT's for sires were derived from their 
EPD's and then these EPCT's were used to derive EPD$'s for the sires. The later stages of the 
study required a prediction equation for semen price for sires. In order to obtain a suitable 
prediction equation, once again the technique of forward selection of variables was used. As 
PT A$ , PT A$2 ,and R variables had already showed the significance of their effect fo 
determining semen price, EPD, EPD$ and EPCT variables were fitted individually, after fitting 
PTA$, PTA$2 and R variables, and tested for each of the new variable's significance. Details 
of the analysis are presented in the Results and Discussion section. Because none of EPD, 
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EPD$ or EPCT variables showed any significance (P< 0.05) the following formula was found 
to be an adequate prediction equation for semen price to be used in later stages of the study. 
Semen price (P) -0.08077 - 0.01162 PTA$ + 0.00014 PTA$2 + 5.51019 R [16) 
Optimization of Young Sire Use 
Definition of young sires 
The sires selected for progeny testing based on their pedigree estimates for milk, fat 
and protein, with or without pedigree information on dystocia, and the sires who only had 
their first crop of offspring and are intended to be used in further progeny testing were 
defined as young sires. Therefore, their PTA and EPD values were associated with low 
reliabilities. The proven sires were defined as the sires who were primarily selected on 
pedigree estimates for milk, fat, protein, and dystocia and then subjected to extensive progeny 
testing (i.e. second stage selection) and are intended to be used in future matings. Therefore, 
their predicted breeding values were based on more information and associated with higher 
levels of reliability. 
Expected income of young and proven sires 
An index of expected income was required to compare the expected income of 
young versus proven sires and calving-easy versus calving-difficult sires. This index w-as 
also essential to determine the variance of income for sires in the categories mentioned 
above. 
Expected Income Index Expected income of a young sire was defined as the 
net income realized from its' offspring from milk, fat and protein yield after subtracting the 
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cost for semen of that sire, cost associated with dystocia in the offspring due to the sire and 
other costs such as feed cost etc . The genetic merit of a sire for milk, fat and protein 
production and calving ease is transmitted to daughters , grand daughters and great-grand 
daughters and to their offspring etc. In every new generation the genetic merit transmitted 
from sire to offspring become one-half of that of the previous generation. Similarly, incomes 
and costs associated with the genetic merit of the sire are also reduced by one-half in every 
new generation. 
Four generations of offspring were considered in constructing the expected income 
index for a sire. The sire was considered to be mated to a dam coming randomly from the 
population. His daughters, grand daughters and great-grand daughters were also considered 
to be mated to sires taken at random from the population, therefore the expected value of the 
EPD of these sires was zero. A summary of the index is .given in Table 6. 
Incomes an9 costs realized after several years have a lower net present value 
compared to the same incomes and costs realized at the present time. Therefore, the costs 
and incomes realized after three or four generations of offspring have a lower net present 
value compared to similar incomes and costs realized in the present generation of offspring. 
Thus , discounted gene flow principles have been used in developing the expected income 
index. A discount factor, ~. was introduced which discounts future revenues and costs to 
their present value of the base year as follows: 
Discount factor for jth year 
1 ~j = (l+i)j 
where, 
the discount rate assumed (eg. 10%). 
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The base year is the first lactation year of daughters of the sire; the value of j is zero 
and consequently, the discount factor is 1.0 for the base year. When j increases ~j decreases, 
therefore, the present value of. the jlh year decreases. To obtain the total net present value 
from a stream of incomes or costs the following equation was used. 
where, 
Total net present value ~oRr + ~1R2 + , ... ............... . ,+ ~n-1 Rn 
R J · f h ·th c·-1 ) mcome or cost o t e J year 1- , ... .,n . 
Certain assumptions are involved in development of the expected income ind~x. They are as 
follows: 
1. On the average, six units of semen are necessary to obtain a milking cow. This 
assumption is not far from the realized conception rates reported in the literature. 
2 .. On the average, three lactations are completed by a cow. Better cows stay in the 
herd much longer than three years, while many others are culled on or before 
their first lactation. Therefore, an average of three lactations per cow was 
assumed. 
3. Each cow was assumed to have a daughter born as her second calf. This 
approximates the situation of constant herd size and allows a cow to replace 
herself with a female calf. This assumption also simplifies development of the 
index. 
4. Factors used to convert mature equivalent milk, fat and protein yields to actual 
yields were 0.81 , 0.89 and 0.96 for first, second and third parities. Similarly, 
mature equivalent conversion factors for costs associated with dystocia were 0.99, 
0.74 and 1.00 for first, second and third parities, respectively, as determined in a 
previous part of the study. 
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5. A 10 percent discount rate was assumed to account for discounted gene flow. 
_6. The total of feed and other variable costs, without cost due to dystocia , were 
considered to be 40 % of the gross income . This assumption was closer to the 
assumptions made by previous authors in similar situations (Dommerholt et al., 
1978; Schneeberger et al. , 1982 a). 
7. Female calves were assumed to conceive at 15 months of age and on the average 
produced their first offspring at 2 years of age. 
8. Four generations of offspring were used to determine the net present value. The 
effect of a sire was assumed to diminish to a negligible level after four generations. 
With the above assumptions, the index was developed as in Table 6. The underlying structure 
for the index in Table 6 can be explained as follows . At year (-3), purchase of semen from sire 
A occurs and six units of semen are used on an average dam from the population. An average 
dam is considered here because the interest in the study is to determine the expected income 
and cost involved with a given sire with a certain PTA$ value . At year (-2) , she produces her 
first daughter. Within two years the daughter becomes sexually mature , conceives and 
produces the first grandson of the sire A and her first lactation at year zero. At year 1, she 
produces a granddaughter of sire A and the second lactation occurs. At year 2, the daughter 
has completed three lactations. At year 3, the granddaughter has sexually matured, conceives 
and produces the first great-grandson of sire A with her first lactation. At year 4, she produces 
a great-granddaughter of sire A. who is expected to replace her mother in two years. At year 5, 
the granddaughter completes her third lactation. At year 6, the great-granddaughter produces 
the first great-great-grandson of the sire A. She produces a great-great-granddaughter of the sire 
A at year 7. At year 8, the great-granddaughter completes three lactations. Then, at year 9, the 
great-great-granddaughter starts her first lactation and completes her third lactation in year 
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Table 6. Calculation of an index for expected income 
Income Cost of Dystocia Offspring 
Year Actual Discounted Actual Discounted Generation 
-3 -6 p -7.99 pa 0 0 
-2 0 0 0 0 
-1 0 0 0 0 
0 (.81) PTA$ .81 PTA$ C. 99) EPD$ 0 .99 EPD$ 1 
1 (.89)b PTA$ .sic PTA$ (.74)d EPD$ 0.67 EPD$ 1 
2 C.96) PTA$ .79 PTA$ (1.00) EPD$ 0.83 EPD$ 1 
3 (.5)(.81) PT A $ .30 PTA$ (.5)(.99) EPD$ 0.37 EPD$ 2 
4 (.5)(.89) PTA$ .30 PTA$ (.5)(.74) EPD$ 0.25 EPD$ 2 
5 (.5)(.96) PTA$ .30 PTA$ (.5)(1.00) EPD$ 0 .31 EPD$ 2 
6 (.25)(.81) PT A$ .11 PTA$ (. 25)(. 99) EPD$ 0.14 EPD$ 3 
7 (. 25)(.89) PT A$ .11 PTA$ (.25)(.74) EPD$ 0.09 EPD$ 3 
8 (. 25)(.96) PT A$ .11 PTA$ (.25)(1.00) EPD$ 0.12 EPD$ 3 
9 (.125)(.81) PTA$ .04 PTA$ (.125)(.99) EPD$ 0.05 EPD$ 4 
10 (.125)(.89) PTA$ .04 PTA$ (.125)(.74) EPD$ 0 .04 EPD$ 4 
11 (.125)(.96) PTA$ .04 PTA$ (.125)(1.00) EPD$ 0 .04 EPD$ 4 
Discounted total 3 .76 PTA$ - 7.99 P 3.90 EPD$ 
ap = semen price of the bull . 
b = .mature equivalent conversion factors for each parity. 
c = mature equivalent cost conversion factors after discounted back to the year 0. 
d = cost of dystocia for each parity proportional to the cost of dystocia for mature cows. 
e = proportional cost of dystocia values for each parity after discounted back to the year 0. 
11 . Dystocia occurs at the beginning of a lactation and its consequent losses occur 
throughout the lactation period. 
The mature equivalent factors of 0.81, 0 .89, and 0 .96 were used to convert mature 
equivalent milk, fat , and protein yield into yield in each parity. Similarly, the factors 0.99, 
0.74, and 1.00 ;which were obtained in previous section as costs of dystocia for first , second, 
and third and later parities proportional to the cost of dystocia for third and later parities; 
were used to convert the cost of dystocia for mature cows into cost for each parity . All of 
these coefficients were converted into discounted coefficients using the previously mentioned 
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discounted factor C~j) for each year. Because of the assumption that six inseminations were 
required to obtain a daughter, the cost for one insemination (semen price) occurred at the 
year (-3) was multiplied by six and it was discounted back to the base year using the 
discount factor Cbj) corresponding to year (-3). Finally, the costs and incomes of all years 
were added to obtain the discounted total as follows: 
Discounted total = 3.76 PTA$ - 7.99 P - 3.90 EPD$ 
where P was the price of semen of the given sire. According to Table 6, total gross income 
was 3.76 PTA$ . Under the assumption that costs other than dystocia are 40% of the gross 
income, these additional costs account for (3.76 • 40%)PTA$ and the remaining gross income 
was about 2.26 PTA$. Thus, the resulting expected income index is given below. 
Expected income, E(I) = 2.26 PTA$ - 7.99 P -3.90 EPD$ [17] 
Definition of easy-calving and difficult-calving sires According to the 
properties of the threshold model , the underlying genetic variation (liability) in the calving 
ease trait is normally distributed. Therefore, sire solutions (EPD values) obtained by the 
threshold model calving ease sire evaluation are also normally distributed in the population, 
with a mean of zero and a variance of 1.0, due to the standardization in the model. Bulls 
recording fewer calving difficulties in their offspring than average in the population have 
smaller EPD values (negative values because of zero mean), while bulls with more difficulties 
than the average of the population have higher EPD values. 
The sires with EPD values within one standard deviation above and below the mean 
of the population were defined as 'average-calving' or 'average' bulls. Any bull with an EPD 
value greater than 1 standard deviation above the population mean was defined as a 'difficult-
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calving' bull, while a bull with an EPD value less than one standard deviation from the 
population mean was defined as an 'easy-calving' bull . Under this definition, about two thirds 
of the population were classified as average bulls, about one sixth of the population were 
classified as easy-calving bulls, and one sixth of the population were difficult-calving bulls. 
Average EPD values of the calving-easy sire group and calving-difficult sire group 
were obtained using the following formula based on Crow and Kimura (1970) . The EPD's of 
Holstein sires in the USA were assumed to be normally distributed with the mean zero and 
variance 0.0381 (Djemali et al ., 1987b). If a proportion of sires were selected from this 
population on EPD under truncation selection, 
the mean of the proportion selected 
1 z2 
..J0.0381 ..J2rfe 2 p 211 
where, 
p the proportion selected from the population, 
z standard normal deviate (Crow and Kimura, 1970). 
According to the above formula, the mean EPD value of the easy-calving bulls and difficult-
calving bulls was -0 .2976 and 0.2976, respectively. Mean EPD value of the average bulls was 
zero. The regression analysis conducted in a previous section of the study between EPD$ 
values and EPD values of sires resulted in the following highly significant prediction equation. 
(More details about the results of the analysis and behavior of the EPD$ index are presented 
in the Results and Discussion section). 
EPD$ 25 .16 + 38.79 EPD 
According to this formula , the mean EPD$ values for easy-, average- and difficult-calving sire 
groups were $ -13.62, $ 25.16 and $ 36.70, respectively. 
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Expected income of calving ease sire groups Based on the definition of 
calving ease sire groups and the mean costs associated with them, index [171 was used to 
obtain costs associated with sires in each group when they transmit the genetic merit for 
calving ease to four subsequent generations, as follows: 
For easy-calving sires; 
E(I) 2.26 PTA$ -7.99 P - $ 3.90 (13.62) 
2.26 PTA$ - 7.99 P - $ 53.118 
For average sires; 
E(I) 2.26 PTA$ - 7.99 P - $ 3.9 (25.16) 
2.26 PTA$ - 7.99 P - $ 98.124 
For difficult-calving sires; 
E(I) 2.26 PTA$ - 7.99 P -$ 3.9 (36.70) 
2.26 PTA$ - 7.99 P -$ 143.13 
[18] 
[19] 
(20] 
Thus, the difference between expected income from four generations of offspring of an easy-
calving sire and that of an average sire is about $45.006, provided they both have the same 
PTA$ estimate. Semen price is expected to be approximately similar in all three groups as 
shown in a previous section of the study. A similar difference in income is expected between 
an average sire and a difficult-calving sire with the same PTA$ estimate. These differences in 
expected incomes between calving ease sire groups are similar within the young sire group, 
as well as, within the proven sire group. However, across the two groups, the difference- is 
expected to be different due to differences in semen prices. 
The expected income of a population varies depending on the proportion of easy-
calving, average and difficult-calving sires. To determine the effect of the proportion of sires 
in each of the three groups on income in the population, a function was derived based on 
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E(l) of a population. All sires were assumed to have a PTA$ of 100, and a semen price of$ 
7.00. Then E(l) of each sire in different groups were as follows. 
ECO easy 
ECO average 
E(I)difficult 
Therefore, 
2.26 ($100) - 7.99 ($7.00) - 3.90($13.62) 
2.26 ($100) - 7.99 ($7.00) - 3.90($25.16) 
2.26 ($100) - 7.99 ($7.00) - 3.90($36.70) 
= $ 116.95 
= $ 71.95 
= $ -26.94 
E(I) of the population 
where, 
a.1• ECDeasy + a.2*ECOaverage + (l-a.l-a.2)*EC0difficult 
a.1 proportion of easy-calving sires in the population, 
a.2 proportion of average sires in the population. 
The function given above was used to determine the effect of the sire composition in terms of 
calving difficulty on the expected income of the population. 
Expected income of young sires A semen price of $4.00 was considered to 
be a reasonable figure for young sires after analyzing semen prices of 322 young sires from 
the five AI breeding companies mentioned before. By assuming PTA$ values of $50, $100, 
$150 and $200, expected income for young sires in the three calving ease groups were 
obtained. 
Expected income of proven sires The PTA$ values of $100, $150, $200 and 
$250 were assumed for proven sires. Reliability values of 0.7, 0.9 and 1.00 were considered 
reasonable for proven sires . Using the formula (16) semen prices for PTA$-reliabil-ity 
subclasses were calculated. Based on the above information expected income values for the 
subgroups of proven sires were derived. The values obtained in different subgroups of young 
versus proven sires were compared. 
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In practice, there are varying proportions of easy-, average and difficult-calving sires 
with varying proportions of young and proven sires . Therefore , according to this cross 
classification, there were three young sire groups and three proven sire groups and nine 
combinations of young versus proven sires. The effect of the proportion of young sires on 
E(I) of the population was derived for all nine combinations separately using the following 
function . 
Population ECDij 
where, 
p 
ECDyoung(i) 
E(Dproven(j) 
P • E(Oyoung(i) + Cl-p) • ECDproven(j) [21) 
proportion of young sires, 
expected in come of ith young sire group (1 =easy, 2=average, 
3= difficult), and 
expected income of jth proven sire group (1 =easy, 2=average, 
3= difficult). 
Average PTA$ values for young and proven sires were assumed to be $150 each and 
reliability (R) of proven sires was assumed to be 0.90. The E(I) was tabulated and presented 
graphically. The differences in E(l) among calving ease groups were compared. 
Risk of young sires derivation 
Risk was defined as the standard deviation of expected income of a sire realized from 
four generations of offspring. In order to obtain the risk associated with varying proporti6ns 
of young sires in the population, a function for the variance of the expected income index 
was developed. 
Variance of income index derivation According to formula [16), expected 
income from a sire depends on its PTA$ value for milk, fat and protein yield and EPD$ value 
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for dystocia cost. The PTA values for sires were estimated primarily by the USDA animal 
model sire evaluations and EPD values were sire solutions from threshold model dystocia sire 
evaluation. Regardless of the method of estimation, all of these solutions involve some 
prediction error variance and reliability. The realized net income from a sire deviates from 
the expected income predicted by the index [16] depending on the reliabilities associated with 
the PTA and EPD estimates. 
Variance of PT A$ given an estimate pf A$ is 
2 
V(PTA$ I pf A$) = (1-R) () P'I'AS 
where, 
A 
R reliability associated with estimate of PT A , and 
2 
{) P'I'AS population variance of PTA$ values. 
Similarly, variance of EPD$ given an estimate EPD $) is 
A 2 
V(EPD$ I EPD $) = (1-r) () EPDS 
where, 
r reliability associated with estimate EPD , and 
2 
(J'EPDS population variance of EPD$ values . 
According to the PT A$ index derived in metric units , 
PTA$ = 0.08078 PTAmilk + 2.2928 PTAfat + 2.8219 PTAprotein 
Variance of this PT A$ index is 
a!.rAS = (0. 08078)
2 
a!rAmilk + (2. 2928)2 a!.rAfal + (2. 8219)2 a!.rAprotein 
+ 2(0. 08078)(2. 2928)r P'I'Amilk ,P'l'Afat () P'I'Amilk () P'I'Afat 
+ 2(0. 08078)(2. 8219)r P'I'Amilk,P'l'Aprotein () P'fAmilk () P'I'Aprotein 
+ 2(2. 2928)(2. 8219)r P'!'Afat . P'f Aprotein () P'fAfat () P'fAprotein 
[22] 
(23] 
(24] 
where, 
r· . 1,J 
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genetic correlation between variables i and j, and 
<Ji standard deviation of variable i. 
The following values were derived based on results of the study of Welper 0991) on 
parameter estimation for Holsteins in the USA. 
<JPTAmilk 382.77 kg 
13.28 kg 
<JpT A protein 11. 00 kg 
rpTAmilk,PTAfat 0.71 
rpTAmilk,PTAprotein= 0.93 
rpTAfat,PTAprotein = 0.79 
After substituting those values in [241, the variance of PTA$ was 
2 
{)PTAS = 7462.12 
According to EPD$ index derived before , 
EPD$ 
2 
{)EPDS 
25.16 + 38.79 EPD 
2 2 
(38.79) {)EPD 
According to Djemali et al. Cl987b), variance of EPD values is 0.0381. Substituting this value 
in the formula, 
2 
{)EPDS 57.33 
Based on these values, variance of the expected income index for a sire was derived as 
follows: 
Expected income E(I) = 2.26PTA$ - 7.99 P - 3.90 EPD$ . 
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For a given sire with PTA$ and reliability of PT A estimates, its semen price is constant. 
Therefore, variance of the expected income in future offspring is 
V(I) = (2.26)2 Var(PTA$ I PT A$ ) + (3.90)2 V(EPD$ I EPD $) 
- 2 2 - (2.26) (1-R) {) VfAS 
2 
+ (3.90)2(1-r) O'EPDS 
Thus, variance of the expected income depends only on variances of PT A$ and EPD$ in the 
population, reliability (R ) of PTA estimate and reliability (r ) of EPD estimate. After 
substituting the variances of PT A$ and EPD$ with their estimates, The following variance of 
expected income index was obtained. 
V(I) = 38967.7 - 38113.5 R 854.2 r [25] 
Equation [25] shows that for a given population, the variance of the expected income from a 
sire depends only on the reliabilities of PTA and EPD estimates of the sire. Thus, in order to 
obtain a more stable income, a dairy producer should select a sire with higher reliabilities in 
animal model sire evaluations for PTA and in dystocia sire evaluations for EPD estimates. The 
square root of this function was plotted against the variables R and r to determine the relative 
importance of reliability of dystocia sire evaluation on risk . 
Variance of income for young versus proven sires The variance of 
expected income for young sires was derived assuming the reliability (R) of PTA estimates 
was 0 .3 for young sires with pedigree estimates and 0 .5 for young sires with first crop 
daughters. The reliability (r) of EPD values were assumed to be 0.0 for young sires selected 
without any dystocia information, 0.3 for sires with pedigree estimates and 0.5 for sires who 
had information from first crop daughters. As mentioned previously, both R and r values for 
proven sires were assumed to be 0.7, 0.9 and 1.00 to represent the reliabilities achieved for 
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sires in AI breeding programs. The effect of the proportion of young sires in any reliability 
subgroup on V(l) in the population was obtained as follows. 
V(l) of population = p V(l)young + Cl-p ) V(l)proven 
where, 
p = proportion of young sires in the population. 
The population size of one was assumed throughout. The effect of the proportion of young 
sires on risk was derived for each combination of young and proven sires with different 
assumed levels for R and r. 
Combined effect of expected income and risk 
The optimum proportion of young sires that can be used to replace proven sires of all 
calving ease groups was determined by defining a lower bound for the loss of expected 
income level for a given probability. One standard deviation of income (one unit of risk) 
below the expected income level for each proportion of young sires was considered to be the 
lower bound of income. Thus, the probability to reach the lower bound of income for a 
given proportion of young sires with given expected income and risk levels was 68.26%. This 
lower bound was defined as 68.26% probability lower bound. Both young and proven sires 
were represented by easy-calving, average and difficult-calving sires. Thus, there were nine 
combinations of sires (i. e.,. youngeasy•proveneasy, youn&asy•provenaverage , .. ..... , 
youngdifficult•provendifficult) For each combination the lower bounds for expected income 
was estimated at each proportion of young sires. For each combination, the proportion of 
young sires that gave the minimum lower bound was considered as the optimum proportion 
to be used. Therefore, 
E(l) lower bound (68.26%) E(l) - ..jV(I) 
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E(l) - Risk [26] 
Utility function of dairy producers 
The willingness of semen purchasers to accept higher risk in order to achieve a 
higher level of income is explained by the utility function of the individual. The utility 
function for average dairy producers in the USA for purchasing semen [11] is as follows: 
Utility value E(I) -0 .02 V(l) . 
This explains that average dairy producers tend to be slightly risk averse in selecting the best 
bulls. They may ignore the highest income level due to the high risk associated with it. 
Under the same PT A estimates, young sires are expected to produce higher income at higher 
risk than proven sires. The utility function given above was used to determine the proportion 
of young sires that an average dairyman would select from a population of young and proven 
sires . Young sires can be easy-calving, average or difficult-calving sires. The expected 
income of these three groups were different, but risk does not depend on the dystocia sire 
group. Similarly, proven sires also were divided into three groups. The dairy producers were 
assumed to select a group of young sires from any of the three young-dystocia sire groups 
and also a group of proven sires from any of the three proven-dystocia sire groups. Thus, the 
producers were assumed to select one of the nine combinations (i.e.,. youngeaslproveneasy, 
youngeasy•provenaverage ,. ...... ....... , youngctifficult•provendifficult). Within each combination, 
the proportion of young sires could vary from 0.0 to 1.0. For each combination, the utility 
values were derived for each proportion of young sires. According to the theory of utility, 
each dairy producer was assumed to select the proportion that would maximize the utility 
function. The choices of dairy producers and the optimum proportions obtained through a 
probabilistic approach were compared in order to determine whether dairy producers really 
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select the best combination of young and proven sires for each combination of dystocia sire 
groups that would maximize their probable income. Throughout this formulation , young 
sires were assumed to have both Rand r values of 0.3 . The proven sires were assumed to 
have Rand r values of 0.9. Both proven and young sires were assumed to have a PTA$ value 
of$ 150. 
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RESULTS AND DISCUSSION 
Frequency Distribution of Dystocia Scores 
Frequencies associated with each score and parity were calculated based on the data of 
Martinez et al. (1983a) and are given in Table 7 and presented graphically under each score in 
Figure 1. Frequencies of the score 1 were the highest in all parities with an average of 78.68%. 
Frequencies of the score 5 were the lowest in the population with an average of 1.74% on an 
Table 7. Frequency of dystocia scores by parity of dam 
Parity 
of 
dam 
1 
2 
2:3 
All parities 
Calving difficulty 
1 2 3 
0.6113 0.1130 0.1613 
0.8225 0.0672 0.0739 
0.8402 0.0622 0.0680 
0.7868 0.0743 0.0894 
1 -~~~~~~~~~~--. 
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Figure 1. Frequency distribution of dystocia scores 
All 
Calving 
4 5 Scores 
0.0761 0.0383 1.0000 
0.0237 0.0128 1.0000 
0.0185 0.0112 1.0000 
0.0321 0.0174 1.0000 
EI Heifers 
•2nd Parity 
• 3rd & Others 
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overall basis. Frequencies of the other scores were in between these two extremes with a 
gradual reduction towards score 5. Score 3 had unusually higher frequencies (10.11% across 
parities) compared to score 2 which was 8.08% across parities. This was considered to be 
due to the difficulty for scorers to correctly distinguish between the definitions for scores 2 
and 3, thus accidently judging the scores incorrectly. This non-normal distribution of scores 
is similar to the results of other studies (Freeman, 1974). 
Cos~s Associated with Dystocia Scores 
The costs obtained for each score-parity subclass using losses of calves, milk, milk fat 
and days open are summarized in Table 8. These costs were presented under each score 
category in Figure 2. It clearly shows that the costs increased from score 1, with zero dollars, 
to score 5, with an average of $264.7153 over all three parities. This is because there are 
Table 8. Relative costs ($) evaluated for dystocia score-parity subclasses 
Parity Dystocia score 
of 
dam 1 2 3 4 5 
1 0.0000 2.5138a 8.4866 80.1419 224.7726 
2 0 .0000 26.7517 66.8101 84.0398 275.4972 
2:3 0.0000 66.8526 93.5208 152.5529 293.8761 
a Cost in dollars relative to score 1 . 
greater losses associated with higher scores. It is important to notice that heifers producing 
calves scored 2, 3, 4, and 5 had lower costs than cows in other parities producing calves with 
the same respective scores. This was because heifers had lower milk losses, fat losses, and 
fewer number of days open associated with calving difficulty than older cows. But the 
probability of losing calves was greater for heifers than for older cows (10.47% on the average 
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versus 5.48% and 5.67% in other parities) . However, the economic advantage gained by 
heifers over other parity cows by smaller losses in days open, milk and fat yield has 
outweighed the disadvantage of their higher calf losses. According to Figure 2, third or later 
parity cows who reported extremely difficult calvings have the highest potential of making 
greater economic losses. This is probably associated with their usually higher production 
levels than heifers. When the production of a cow is at a high level , disturbances such as 
calving difficulty, or any other serious physiological problem, can cause greater fluctuations of 
yields. 
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Figure 2. Relative costs associated with scores in each parity 
The milk loss has been reported to occur mostly during the first 30 days after a difficult 
calving and a mature cow produces more milk during this period than a heifer. Thus, the 
potential to record heavy losses is greater for a higher producing parity and these losses will 
be obvious when the comparison is done within parity basis . In other words, despite a 
greater loss, an adult cow which had extreme difficulty may still produce more milk than a 
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heifer which reported extreme difficulty. However, Figure 2 bears an economic significance 
in showing the danger of a higher score observed in later parities. 
The results of the linear, quadratic and cubic regression analyses between cost and 
score are given in Tables 9, 10 and 11, respectively for heifers, second parity cows and cows 
in other parities. The cubic regression equation was selected as the best fitting equation for 
heifers and second parity cows. For third and later parities, the quadratic regression equation 
was considered the best fitting equation for predicting cost for a given score. Predicted cost 
and the observed cost for each score in each parity was presented parity-wise in Figure 3, 4 
Table 9. Results of regression analyses between cost and score for heifers 
Regression Po P1 P2 
Lineara -38.63 38.63 
Quadraticb 12.30 -24.60 12.30 
Cubicc -3.40 10.20 -10.20 
a Model: cost= Po+ Pi score. 
bModel: cost= Po+ Pi score + Pzscore 2. 
cModel: cost= Po+ Pi score+ Pzscore 2 + p3score3. 
"The one selected as the prediction equation. 
p3 
3.40 
R2 Prob>F 
value 
0.785 0.0187 
0.939 0.0014 
0.990 0.0001 • 
Table 10. Results of regression analyses between cost and score for second parity cows 
Regression Po P1 P2 
Lineara -50.48 50.48 
Quadraticb 15.42 -30.84 15.42 
Cubicc -4.18 12.54 12.54 
a Model: cost = Po + P1 score. 
bModel: cost= Po+ Pi score+ Pzscore 2. 
cModel: cost= Po+ Pi score + Pzscore 2 + p3score3 . 
"The one selected as the prediction equation. 
p3 R2 Prob>F 
value 
0.867 0.0069 
0.955 0.0008 
4.18 0.971 0.0003" 
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Table 11. Results of regression analyses between cost and score for cows in third and later 
parities 
Regression Po P1 P2 
Lineara -62.90 62.90 
Quadraticb 18.41 -36.82 18.41 
Cubicc -4.86 14.58 -14.58 
a Model: cost = ~O + ~l score. 
bModel: cost = ~O + ~iscore + ~1score 2 . 
cModel: cost= ~O + ~1score + ~zscore 2 + ~3score3 . 
•The one selected as the prediction equation. 
p3 R2 Prob>F 
value 
0.966 0.0004 
0.976 0.0002· 
4.86 0.938 0.0015 
and 5, respectively. The cubic equation fitted for first and second parities indicated that the 
cost of scores 4 and 5 are very high_ compared to that of scores 2 and 3 in these parities, while 
in the third and later parities, the costs associated with scores 2 and 3 are also fairly high, 
making a lesser degree of the curvature in the prediction line between scores 3 and 4. These 
high costs associated with scores 2 and 3 in third and other parities resulted in this group 
having the highest economic loss, as discussed later in the chapter. This also shows that 
consequences of dystocia are worse for cows in later parities than for heifers. The usual 
recommendations have been to not use calving-difficult bulls on heifers because of the 
greater potential for higher scores and costs. However, the above analyses indicate that equal 
attention should be paid to cows in other parities in selecting sires for mating, as they may 
cause more economic damage once they experience dystocia . 
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Figure 3. Relationship between cost and dystocia score for heifers 
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Figure 4. Relationship between cost and dysrocia score for second parity cows 
58 
300 
250 
,--._ 200 ~ .._ 
.... 150 ell 
0 u 100 
50 
0 
1 2 3 4 5 
Dystocia score 
D Observed 11111 Predicted 
Figure 5. Relationship between cost and dystocia score for cows in third and other parities 
Although an adult cow results in greater losses when she experiences calving difficulty 
compared to a heifer, Figure 1 showed that adult cows had fewer incidences of dystocia 
compared to heifers . In order to see the overall balance of these costs and incidences, 
the costs of scores were weighted by their associated frequencies and presented in Figure 
6. Figure 6 shows that the highest costs in the population were from heifers reporting 
score 5, with a value of $8.4. The second highest costs seen in the population were from 
cows in their third and later parities with a value of $6.36. Second parity cows were 
intermediate in most of the cases, being intermediate in frequencies and costs, except for 
score 4 where they showed a minimum cost as seen in the population. All of these cost 
figures were added within each parity to obtain the overall costs . They were $16.37, 
$12.24, and $16.62 for heifers , second parity cows, and for cows in third and later parities, 
respectively . These estimates on a mature equivalent basis were 0.9851, 0.7365, and 1.00 
for these parities, respectively. These results showed that the second parity cows had the 
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lowest cost because they were intermediate in frequency of difficulty and cost when they 
experience difficulty. Heifers had the second highest cost, while mature cows had the highest 
cost involved. These estimates once again prove that the highest cost associated with 
dystocia is not with heifers, but with cows in third and later parities. Therefore, care must be · 
taken in selecting sires on dystocia for mating to heifers, as ·well as, cows in greater than 
second parity. Bulls reported as difficult should be used primarily on second parity cows. 
This evaluation was only based on four factors, namely, days open, milk loss, fat loss and calf 
losses. Death of cows and culling due to uterine damage etc. were not taken into account for 
this study. These losses are expected to be higher for heifers than for cows in other parit~es . 
Calf losses observed in this study were highest in heifers, indicating the above to be true. 
Losses of cows were not cosidered in this study due to lack of information on cow losses 
available for each dystocia score category and each parity. However, on the basis of the four 
factors considered above, cost in heifers was close to that of third and later parity cows. 
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Therefore, there is a possibility that inclusion of cow losses in the study may slightly change 
the ranking across parities. 
Overall cost associated with each dystocia score in the population were expressed as 
weighted and unweighted average costs within scores across parities. Weights were based on 
frequencies of parities in the population. Heifers made up 21.3% of the population, while 
second and greater parities accounted for 26.1 % and 52.6% of the population, respectively. 
The unweighted average costs are given in Figure 7. They were arithmatic means between 
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Figure 7. Unweighted overall costs associated with dystocia scores 
costs of the three parity groups. The costs increased gradually with the severity of difficul~y , 
reaching $105.58 and $264.72 levels for scores 4 and 5, respectively. These are the expected 
costs for a dairy producer observing each score in their herd if they have equal numbers of 
heifers, second parity cows, and other parity cows. As dairy producers observe the scores at 
the outset of lactations, these estimates indicate the predicted economic loss they are 
supposed to experience during that lactation. These predicted values are for an average herd 
61 
with equal parity composition and for all of the parities and it may be different for a given 
parity. For a particular parity, the estimates given in Table 8 can be used as a good 
approximation of the lower bound of cost for practical situations. 
However, the herd composition in most herds is different and the average parity 
frequencies observed in the population may be a good approximation. Thus, the weighted 
overall costs provide the costs associated in a population point of view. These estimates are 
presented in Figure 8. They also show a similar gradual increase of cost relative to score 1, 
making a relative increase of $2.51, $8.49, $80.14, and $224.77 for scores 2, 3, 4, and 5. 
respectively. These values are expectations for many dairy farmers. The cost per day open 
was considered $3 per day in this study, which was the average for most Midwest farms. 
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Figure 8. Overall costs for dystocia scores as seen in the population 
Thus a dairy producer selected randomly from the Midwest , observing a score of 5 from a 
cow taken randomly from their herd is supposed to lose a minimum of $224.77 in the 
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subsequent lactation of that cow. This figure is the lower bound because cow losses and 
veterinary costs, etc., were not taken into account. For most high producing herds , and for 
regions with higher milk prices, the Joss should be a much higher value. 
Expected Progeny Difference Dollars Index 
Preliminary analysis 
The results of the five regression analyses between EPD values(independent variable) 
of sires and each of the five PCT values (dependent variables) are given in Table 12. The 
results of preliminary multiple regression analyses, including quadratic and cubic terms of 
EPD variable, showed the linear component of EPD was sufficient to explain the relationship 
between EPD and PCT variables for all five PCT variables. Thus, the results of only linear 
regressions are presented. The linear relationship was highly significant in all five 
regressions. The PCTl variable decreases with increasing EPD, while all the other four PCT 
variables tended to increase with an increase in EPD variable. The highest increase was in 
Table 12. Linear regression analysis between PCT and EPD variables 
Regression ~Oa ~1 b 
Dependent Independent 
PCTl EPD 
PCT2 EPD 
PCT3 EPD 
PCT4 
PCT5 
EPD 
EPD 
0.6316 
0.1360 
0.1455 
0.0569 
0.0299 
a Intercept of the model PCTi = ~O + ~1 • EPD. 
bcoefficient of the model PCTj = ~O + ~1 • EPD. 
-0.3779 
0.0677 
0.1458 
0.0923 
0.0721 
R-square Prob>F 
0.9992 0.0001 
0.9796 0.0001 
0.9998 0.0001 
0.9926 0.0001 
0.9699 0.0001 
PCT3 and the lowest increase was in PCT2. These preliminary analyses show that when the 
solution for any sire is high, which means it is a calving-difficult bull , it is supposed to record 
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more score 3's than scores 2,4, and 5. Calving-easy bulls with much lower EPD values should 
record mor~ score 1 's and very few score 3's with other scores at intermediate frequencies . 
Relationship between EPD and EPD$ index 
Linear relationship The preliminary multiple regression analysis, treating 
EPD values of sires as the independent variable and respective EPD$ values of the sires as the 
dependent variable, showed that the linear prediction equation sufficiently explained the 
relationship between these two variables. The results of the linear regression analysis based 
on 18,527 sires are given in Table 13. This analysis was conducted using Statistical Analysis 
System programs. Thus, the linear relationship between EPD and EPD$ variables for sires is 
as follows, as mentioned in [15l. 
EPD$ 25.16 + 38.79 EPD 
The coefficient and intercept were highly significant at (p < 0.01) level. The population mean 
EPD$ value was 25.1611 , while the population mean EPD value was zero , as a property of the 
threshold model solutions. The mean of the dependent variable was $ 26.10865 , which is 
different from the population mean EPD$ value. The reason for this is that these sires were a 
sample from the population and the mean of the sample naturally tends to deviate from the 
population mean even when the sample size is large. Actually, the mean EPD value of this 
sample also deviated from zero, with a value of 0.0244266. These means indicate that an 
average sire has a genetic makeup for dystocia such that it has some probabilities to produce 
scores 2,3,4, and 5 in its offspring, making a cost of $25.16 due to dystocia in its offspring if 
the dam is selected randomly from the population. When the sire solution increases, the 
cost is going to be increased linearly. The cost associated with the offspring of a sire, whose 
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solution is one standard deviation away (higher) from the population mean, is (25 .16 + 
38.79•(1)), which is $63.95 if the sire is mated to a dam taken randomly from the population. 
Table 13. Linear regression analysis between EPD and EPD$ variables for sires 
Source DF Mean Square F value Prob>F 
Model 1 
Error 18525 
Corrected total 18526 
Root MSE: 
Dep Mean: 
c.v. : 
Variable DF 
Intercept 1 
EPD 1 
347924.46 1865725.58 0.0001 
0.18648 
0.43184 
26.10865 
1.65400 
R-square: 0.9902 
Adj. R-square: 0.9902 
Parameter Estimates 
Estimate 
25.1611 
38.7900 
Std. Error 
0.0032 
0.0284 
Prob> ITI 
0.0001 
0.0001 
Additivity of the EPD$ index Transmission of EP.D$ values from a sire and a 
dam to offspring is slightly complicated because population mean dollar value is not equal to 
zero. The easiest way to look at this is that the sire and dam each transmits half of the 
population mean cost with the cost due to their individual EPD values. In other words, each 
sire transmits 38.79.EPD amount of dollars of cost, plus half of the population mean cost 
(OS25.16), which was $12.58. An average dam from the population has an EPD value of zero 
and she transmits only $(0S25.16) to the offspring. So, when the above sire is mated to an 
average dam, the offspring will cost (25.16 + 38.79EPDsire) . Therefore, this is the cost of 
future progeny of each sire if he is mated to an average dam from the population. The 
second generation offspring of these sires are expected to cost one-half of the cost of the 
first generation offspring, if the other three grandparents are taken randomly from the 
population. 
Thus, expressing EPD values of sires in terms of EPD$ values, has the potential to 
indicate the costs associated with each sire in terms of dystocia. The usual practice in dystocia 
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sire evaluation has been to report EPD values in terms of EPCT values to aid dairy producers 
to recognize the potential increased liability of a sire in terms of dystocia before purchasing 
semen. However, EPD$ index appears to be a more powerful tool than EPCT values by 
showing the predicted loss of income in dollar figures , which is readily understandable by 
dairy producers. 
Exact prediction The observed EPD$ values from the sires and predicted values 
by the linear formula (15] were given in Figure 9. The observed values showed a slight upward 
curvature from the predicted line. Least square analysis has made the best fitting line go 
through most of the observed values, which were clustered around the population mean . 
The prediction equation appears to underestimate the actual cost for extremely difficult sires 
and extremely easy sires by about $2.00. In order to determine the exact prediction ~quation , 
a second degree polynomial was fitted treating EPD and EPD2 as independent variables 
(Table 14). The results showed that the polynomial equation provided almost perfect 
prediction of EPD$ values . The non-linearity observed in the relationship was due to the 
slightly nonlinear relationship between PCTl , PCT2 and PCT5 with EPD values. Preliminary 
analyses showed that the PCTl tended to decrease with EPD values in a slightly decreasing 
rate. The PCT2 tended to increase at a slightly decreasing rate, while PCTS tended to increase 
at a slightly increasing rate with an increase in EPD values . Because EPD$ is based on PCT 
values , the resulting relationship of EPD versus EPD$ tends to deviate slightly from linearity. 
The polynomial and linear prediction equations are compared in Figure 10. They 
appear to behave similarly in the range of EPD values from -0.20 to +0.20. Usually, this range 
includes most of the sires in the population. The maximum and minimum EPD values 
recorded in the population were 0.59 and -0.45, respectively. Therefore, the linear equation 
appears to provide a satisfactory prediction of cost for most of the sires. Moreover, both 
equations rank sires similarly on dystocia cost. However, the polynomial equation lacks the 
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important property of additivity to be used parallel to EPD values. Thus, for construction of 
income and cost indexes involving more than one generation of offspring, and with 
discounted geneflow, the linear equation was considered to be the appropriate formula to 
use. 
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Figure 9. Observed EPD$ versus predicted values from linear equation 
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Table 14. Multiple regression analysis between EPD$ versus EPD and EPD2 values 
Source DF Mean Square F value Prob> F 
Model 2 175688.1 1183658898.0 0.0001 
Error 18524 0.00015 
Corrected total 18526 
Variable 
Intercept 
EPD 
EPD2 
Root MSE: 0.01218 R-square: 1.0000 
Dep Mean : 26.10865 Adj. R-square: 1.0000 
c.v.: 0.04666 
Parameter Estimates 
DF Estimate Std . Error 
1 24.9267 0.0001 
1 37.4867 0.0008 
1 20.3617 0.0042 
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Factors Affecting Semen Price 
Semen price was initially considered to be affected by PT A$ values for milk, fat and 
protein of sires, the reliablities .of PT A estimates (R), EPD values of sires for dystocia and the 
reliabilities (r) associated with EPD estimates. The EPD estimates of dystocia sire evaluation 
are presented to dairy producers in terms of EPCT values, which are usually more 
understandable than EPD values. Sires with higher EPD values have higher probabilities to 
report scores 4 and 5 in their progenies. Thus, sires with lower EPCT values should be 
preffered, as much as, sires with lower EPD estimates. If the AI industry (breeding 
companies as well as semen purchasers) recognises the potential danger of using calving-
difficult sires, semen prices of the calving-difficult sires should be much lower than those of 
the other sires. If that is true, then EPD and EPCT variables should show significant effect on 
semen price of sires. 
The results of initial linear regression analysis between semen price and PTA$ of the 
540 active AI sires showed that the effect of PT A$ on semen price was sgnificantly different 
from zero under (p < 0.01) level (Table 15). 
Table 15. Linear regression analysis between semen price and PT A$ variable 
Source 
Model 
Error 
Corrected total 
Variable 
Intercept 
PTA$ 
DF Mean Square F value Prob> F 
1 4677.587 164.355 0.0001 
538 28.460 
539 
Root MSE: 5.33481 
Dep Mean : 8.6204 
c.v. : 61.8861 
DF 
1 
1 
R-square: 0.2340 
Adj. R-square: 0.2326 
Parameter Estimates 
Estimate 
1.5099 
0.0434 
Std. Error 
0.6003 
0.0033 
Prob> ITI 
0.0122 
0.0001 
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Inclusion of PT A$2 and R as additional independent variables into the model of semen price 
versus PT A$ showed that the effects of PT A$ 2 and R on semen price were also significnatly 
different from zero at (p < 0.01) level (Table 16). After selecting PTA$ , PTA$ 2 and R 
variables, EPD, EPD$ and EPCT were also included in the model separately and tested for the 
significance of their effects on semen price (Table 17). The results showed that the effects of 
EPD, EPD$ and EPCT on semen price were not significant (p < 0.01) after fitting PTA$, PTA$2 
and R variables, indicating that after semen price of sires were determined based on 
information from animal model sire evaluations, the additional information on sires gained 
from dystocia sire evaluations does not change the price of semen significantly. In other 
words, the AI industry does not recognise the economic importance of EPD estimates of 
sires. However, preliminary analyses showed that the effects of EPD, EPD$ and EPCT on 
semen price were significant (p < 0.05) if the model did not include PTA$ , PTA$ 2 and R 
variables. This significance was considered to be due to the slight correlation Cr= -0.17) 
between PT A$ and EPD estimates in the sample of sires. Because all of the sires in the 
sample were highly selected at their first and second stages, their PT A$ estimates were much 
higher and EPD estimates were much lower than the average population of Holstein sires. 
The price of semen and EPD of the 540 sires presented in Figure 11 explains the effect of 
EPD on semen price graphically. 
The correlation coefficient was approximately 1.00 between EPD and EPD$ and both 
of these variables showed a correlation of about 0.99 with EPCT variable. This was because of 
the direct effects of EPD on EPCT and subsequently on EPD$ as shown in formulas [13] and 
[14]. The reliability of EPD ( r ) showed a highly significant effect (p < 0.01) on semen price, 
even after fitting PTA$, PTA$2, and R variables. This was considered to be due to high 
correlation (r= 0.62) between Rand r variables in the sample of sires. Based on these results, 
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Figure 11. Relationship between semen price and expected progeny difference 
the following equation was obtained for predicting semen price for proven Holstein AI sires 
as given in the Materials and Methods section of the thesis. 
Semen price -0.08077 - 0.01162 PTA$ + 0.00014 PTA$2 + 5.51019 R [16] 
As shown in Table 16, the coefficient of determination (R2) for this model was 0.30. This low 
R2 value indicated that there are many other external factors factors affecting semen price. 
Individual AI companies have their own ways of pricing bull semen. A sire with a given 
genetic merit for milk, fat, protein, calving ease and reliability could be priced differently, 
depending on the policies of the companies. 
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Table 16. Multiple regression analysis between semen price and PTA$, PTA$2 and reliability 
of PT A estimates ( R,) 
Source 
Model 
Error 
Corrected total 
DF 
3 
536 
539 
Mean Square 
2014.7122 
26.0169 
F value 
77.439 
Prob>F 
0.0001 
Root MSE: 5.1006 
Dep Mean : 8.6204 
R-square: 0.3024 
Adj. R-square: 0.2985 
Variable 
Intercept 
PTA$ 
PTA$2 
reliability (R ) 
c.v. : 59.1700 
DF 
1 
1 
1 
1 
Parameter Estimates 
Estimate 
-0.08077 
-0.01162 
0.00019 
5.51019 
Std. Error 
1.7738 
0.0087 
0.0001 
2.0704 
Prob> IT I 
0.9637 
0.1846 
0.0001 
0.0080 
Table 17. Multiple regression analyses between semen price and EPD, EPD$ and EPCT after 
fitting PTA$, PTA$2 and reliability (R ) of PTA estimates 
Parameter Estimates 
Variable DF Estimate 
EPDa 
EPD$b 
EPCTC 
1 0.4087 
1 0.0076 
1 1.6524 
a Model: Semen price= ~O + ~JPTA$ + ~2PTA$ 2 +~3R + ~4EPD . 
b Model: Semen price = ~o + ~I PTA$ + ~zPT A$ 2 +~3R + ~sEPD$ . 
a Model: Semen price = ~O + ~1PTA$ + ~2PTA$ 2 +~3R +136EPCT. 
Expected Income of Sires 
Effect of calving ease sire groups 
Std. Error Prob> ITI 
1.8285 0.8232 
0.0474 0.8718 
11.1713 0.8825 
A group of sires with PTA$ of $100 and semen price of $7.00 was considered in 
determining the effect of proportions of calving difficulty sire groups in the population on 
mean expected income of the population. A population of a single sire was considered 
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throughout the study. Because the expected income for the easy calving group was $45 .006 
higher than average and a similar difference existed between the average and difficult group, 
an increase in the proportion of .easy-calving sires increased the expected income to a 
maximum of $116.95 (Figure 12). A minimum income level of $-26.94 was observed when the 
proportion of difficult-calving sires was 1. As PTA$ values were expressed relative to the 
mean production level (mean income) of the population of milk, fat and protein and the cost 
of an average bull was $25 .16 for dystocia an expected income of calving-average sires was 
similar to the population mean. 
Figure 12. Effect of proportions of calving ease sire groups on expected income 
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Expected income of young and proven sires 
The expected income from young sires in different calving ease groups was calculated 
assuming a fixed semen price of $4.00 for all young sires (Table 18). Income increased with 
PTA$ value under the constant semen price considered and decreased by about $45 .0lwith 
an increase in calving difficulty. 
Table 18. Expected income($) of young sires in various calving ease groups 
Group 
Easy 
Average 
Difficult 
50 
27.92 
-17.08 
-62.09 
PT A$ of young sires 
100 150 
140.92 253.92 
95.92 208.92 
50.91 163.91 
200 
366.92 
321.92 
276.91 
The semen prices for proven sires varied depending on their PT A$ and the reliability 
associated with the estimated PTA. Thus, the semen price for each reliability-PTA$ subgroup 
was derived using the semen price prediction equation [16) derived in a previous section 
(Table 19) . The price for a PTA$ value of $250 and a reliablity of 1.0 was $11.274 which may 
be a more conservative estimate. The expected income for calving ease subgroups are given 
in Table 20. Proven sires with low reliability (R ) levels had higher expected values of income 
than proven sires with higher reliability. This is because higher reliabilities result in higher 
semen prices without contributing to the expected income. 
Table 19. Semen prices ($) for proven sires with different PTA$ and reliabilities 
Reliability (R) 
0.7 
0.9 
1.0 
$100 
4.014 
5.116 
5.667 
PT A$ of proven sires 
$150 $200 
5.183 7.052 
6.285 8.154 
6.836 8.705 
$250 
9.621 
10.723 
11.274 
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The comparison between young versus proven sires within PT A$-calving ease 
subclasses showed that the expected income of young sires was higher than that of proven 
sires under the same calving difficulty level. These results are similar to those found in other 
studies mentioned in the Literature Review section. Therefore , expected income in the 
population is supposed to increase with an increase in the proportion of young sires used. 
Expected income for various combinations of easy- , average- and difficult-calving subgroups 
of young and proven sires are presented in Table 21. These results showed that expected 
income was heavily dependent on the respective calving ease group. The effect of the calving 
ease subgroup on expected income was much greater than the difference in income between 
young and proven sires . For example, using all average-calving proven sires (100%) was more 
profitable than using all difficult-calving (100%) young sires. Therefore, if a combination of 
average-calving proven sires and difficult-calving young sires was selected, an increase in the 
proportion of young sires would decrease the expected income. This fact is clearly shown in 
Figure 13. 
The calving difficulty effect was cross classified as far as proven and young sires were 
concerned. Usually, each herd has a unique combination of the six subgroups of sires (i.e ., 
Youngeasy, Proven easy, Young average , ..... . , Proven difficult) . However, the procedure used in 
making Table 22 can be readily extended to calculate the expected income for any given herd 
provided the proportions of each subgroup present in the herd are known. 
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- Oeasy * Yavg 
.... .w Oeasy * Ydiff 
..... Oavg * Yeasy 
- Oavg * Yavg 
- Oavg * Ydiff 
100 -t--r~r--~, ~-;----r-----r~~, ---1~-t--+-----i ......... · Odiff * Yeasy 
0 N ~ ~ ~ ~ ~ 00 ~ ~ 
0 0 0 0 0 0 0 0 0 ··· · Odiff * Yavg 
I Proportion of young sires I - Odiff * Ydiff 
Figure 13. Effect of easy-, average-, and difficult-calving sire groups on expected income for 
proven ( 0 ) and young (Y) sires 
Table 20. Expected income ($) of proven sires in three calving difficulty groups 
PTA$ of sires $100 $150 $200 $250 
Reliability (R ) 0.7 0.9 1.0 0.7 0.9 1.0 0.7 0.9 1.0 0.7 0.9 1.0 
Calving difficulty 
Easy 140.81 132.01 127.60 244.47 235.66 231.26 342.54 333.73 329.33 435.01 426.21 421.80 
Average 95.80 87.00 82.60 199.46 190.66 186.26 297.53 288.73 284.32 390.00 381.20 376.80 
Difficult 50.80 41.99 37.59 154.46 145.65 141.25 252.52 243.72 239.32 345.00 336.19 331.79 
Table 21. Expected income ($) from young and proven sires 
Proven sires Easy Average Difficult 
Young sires Easy Average Difficult Easy Average Difficult Easy Average Difficult 
Proportion 
of young 
sires 
0 235.66 235.66 235.66 190.66 190.66 190.66 145.65 145.65 145.65 
0.1 237.49 232.99 228.49 196.99 192.49 187.99 156.48 151.98 147.48 
0.2 239.31 230.31 221 .31 203.31 194.31 185.31 167.30 158.30 149.30 
0.3 241.14 227.64 214.14 209.64 196.14 182.64 178.13 164.63 151.13 
0.4 242.96 224 .96 206.96 215.96 197.96 179.96 188.96 170.96 152.95 
0.5 244.79 222.29 199.79 222.29 199.79 177.29 199.79 177.29 154.78 
0.6 246.62 219.62 192.61 228.62 201 .62 174.61 210.61 183.61 156.61 
0.7 248.44 216.94 185.44 234.94 203.44 171.94 221.44 189.94 158.43 
0.8 250.27 214.27 178.26 241.27 205.27 169.26 232.27 196.27 160.26 
0.9 252.09 211.59 171.09 247.59 207 .09 166.59 243.09 202.59 162.08 
1.0 253.92 208.92 163.91 253.92 208.92 163.91 253.92 208.92 163.91 
-.J 
-.J 
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Risk Evaluation 
Risk of a young sire was defined previously as the standard deviation of income of a 
sire. The effect of reliability estimates of the dystocia sire evaluation and PT A estimates on 
risk is presented in Figure 14. It can be seen that the reliability estimates of sires from the 
dystocia sire evaluation only has a minimal effect on risk. This is because the variance of 
EPD$ values in the population were much smaller than the variance of PTA$ values. Smaller 
variance of EPD$ values is a result of comparatively smaller effects of EPD values on expected 
income compared to the contribution of PTA for milk, fat and protein ( i.e. the variation of 
EPD had a relatively small effect on the expected income of a sire compared with PTA for 
milk, fat and protein) . 
The effect of the proportion of young sires on risk associated with dystocia was 
obtained using a procedure similar to calculation of expected income (Figure 15). Reliability 
estimates of dystocia sire evaluation for young and proven sires, and the proportion of young 
sires used were allowed to vary. The symbols "Or" and "Yr" stand for reliability estimates 
of EPD for proven and young si res, respectively. Because of the smaller effect of the 
reliability of EPD estimates on risk, all nine subgroups had similar risk values for a given 
proportion of young sires used. This again proves that the reliability of a sire for dystocia 
should not be considered critical in sire selections. However, the proportion of young sires 
tended to have a large effect on risk . This was because the young sires were assumed to have 
an average reliability of 0.03 for their PTA estimate and proven sires had an average reliability 
of 0.9. 
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Figure 14. Effect of reliabilities of PTA and EPD estimates on risk 
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Figure 15. Risk associated with varying levels of reliability for dystocia evaluation for 
proven (Or) and young (Yi1 sire groups 
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Optimum Proportion of Young Sires 
Income lower bound 
The lower bounds for expected income that can be expected from e;:ich proportion 
of young sires were obtJined under the probability level of 68.3% using fo rmul:J. (111 ;ind are 
presented in Figure 16. The estimates used in Figure 16 are given in Table 28. The results 
showed that although the expected income increased with an increase in the proport ion of 
young sires, particularly within each c;:ilving ease group (Figure 13) , because of the higher risk 
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Figure 16. The 68.3% probability lower bound for expected income levels for proven (0 ) 
and young (Y) sire groups 
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associated with young sires, the income lower bound for higher proportions of young sire 
use was not favorable. When the proven and young sires have similar evaluations for 
dystocia, 100% use of proven sires has a higher probability of achieving profits than by using 
some percentage of young sires. However, when the proven sires are difficult for calving 
ease, maximum use of easy-calving sires has a higher probability of being profitable (see 
Odiff•Yeasy combination). For all of the other combinations, maximum use of proven sires 
has more probability to obtain higher income. These results show that attention should be 
paid to EPD estimates when selecting young or proven sires , because of the large effect of it 
on expected income. Decision on whether to use a young sire in place of a proven sire 
should be dependent on their EPD estimates. However, a previous section showed that the 
reliability of dystocia sire evaluation ( r ) has only a minor effect on risk. Therefore, more 
attention should be paid to the EPD estimates than ro their reliability . ( r ). In other words, 
sires with high EPD's should be avoided even when the estimate is based on smaller effective 
number of daughters . 
Utility Maximization 
Most dairy producers purchasing semen have a slight risk aversion , therefore , the 
utility function (26] was used to calculate the utility level of an average farmer using different 
proportions of young sires (Figure 17). It was found that the dollar values for utility were 
much lower for the use of young sires than proven sires (Exact estimates are given in Table 
30). It appears that most dairy producers are reluctant to use risky, but higher income 
generating young sires. Moreover, an average dairy producer seems to prefer to use a proven 
difficult-calving sire over an easy-calving young sire . This was shown in the previous section 
as a choice for negative profits. Therefore , making dairy producers aware of the facts that the 
83 
2 0 0 ,------,----,-------,----,--.-----,--,------,...--~----, - Oeasy * Yeasy 
- Oeasy * Yavg 
·""'°·· Oeasy • Ydiff 
Oavg * Yeasy 
- Oavg * Yavg 
K .. Oavg * Ydiff 
.w.·, Odiff * Yeasy 
-400 +-----4----+---+---+--+-----4----+---+---+-----" 
0 N M V ~ ~ ~ 00 ~ ~ 
0 0 0 0 0 0 0 0 0 · · ·. Odiff * Yavg 
I Proportion of young sires I - Odiff * Ydiff 
Figure 17. Utiliry of an average dairy producer using proven (0 ) and young (Y) sires 
costs from calving-difficult sires are higher than their assumed level and also that the use of 
young sires with low reliability of EPD estimates is not less risky than assumed, may make 
them use young sires more optimally with more attention paid to calving ease sire solutions 
and less attention to the reliability of calving ease sire solutions. 
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CONCLUSIONS 
1. The costs associated with dystocia scores relative to score 1 were $0.00, $36.55, $55.08, 
$102.79, and $257.87. Heifers had the highest frequencies of dystocia for scores 4 and 5, but 
cows in third and higher parities had the highest economic losses when they experienced 
dystocia. The costs associated with each parity group were $16.37, $12.24, and $16.62 for 
heifers, second parity cows and cows in third and higher parities, respectively. It was 
recommended that sires with low Expected Progeny Difference (EPD) estimates should be 
mated to heifers and cows in third and other parities. 
2. An index, named the expected progeny difference in dollars (EPD$) , .was developed 
by using probabilities to record dystocia scores from 1 to 5 of each EPD estimate. The exact 
relationship between the index and corresponding EPD estimates is as follows. 
EPD$ 24.93 + 37.48 EPD + 20.36 EPD2 
A linear relationship was obtained with a coefficient of determination of 0.99 and is given 
below. 
EPD$ 25.16 + 38.79 EPD 
It was concluded that this index can be readily implemented as an economic criterion for 
EPD estimates because it gives the dollar cost associated with each EPD estimate. The linear 
property was considered beneficial because it follows simple rules of inheritance. 
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3. Semen price was primarily affected by the predicted transmitting ability for dollars 
(PTA$) and the reliability of PTA estimate(R) . The prediction equation for semen price is as 
follows: 
Semen Price -0.08077 - 0.01162 PTA$+ 0.00014 PTA$2 + 5.51019 R 
There was no significant effect of EPD estimates on semen price after pricing was done based 
on PT A$ and R values for proven Holstein sires. 
4. It was concluded that expected income of young sires was higher than that of proven 
sires when both had similar PTA$ and EPD levels. However, the risk (standard deviation of 
expected income) associated with young sires was higher than for proven sires. Based on the 
68.26% expected income lower bounds for each proportion of young sires, it !Vas found that 
the highest probability for high net income levels was associated with 0% young s ire use 
when both young and proven sires had similar PT A and EPD estimates . However, if young 
sires have considerably lower EPD estimates or higher PT A estimates than proven sires, use 
of young sires can be justified. The optimum proportion of young sire usage depends on the 
difference in both PT A and EPD estimates between young and proven sires. Attention 
should be given to PT A estimates of milk , fat, and protein, reliability of PT A estimates, as well 
as, EPD estimates in selecting sires. However, giving more attention to reliability of EPD 
estimates of sires may not be highly beneficial because of the very small effect of reliability of 
EPD estimates on risk. The following equation can be used as an aid in the selection of sires in 
terms of net expected income realized from four generations of offspring of a sire . 
Expected income = 2.26 PTA$ - 7.99 Semen price - 3.9 EPD$ 
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APPENDIX A. CALCULATION OF 
MINIMUM NUMBER OF DAYS OPEN 
The least square model used in Djemali et al. Cl987a) was 
Yijkl 
Yijkl 
µ 
hi 
bj 
Ck 
eijkl 
µ+ hi +bj +Ck +eijkl 
number of days open, 
overall mean, 
effect of ith herd-year-season (i=l ,2), 
effect of jth sex of calf (j=l ,2), 
effect of kth dystocia score (k=l , 2, 3, 4, 5), and 
random residual. 
Because heifers reported the minimum number of days open, 1st parity was selected to find 
the minimum number of days open over all parity-score subclasses. 
Average number of days open in heifers was 121 days . Because the least squares solution for 
score one was restricted to zero, the parametric expression for the solutions will be as given 
in Table 22. 
Table 22. Number of days open for heifers as expressed in parameters 
Score Least square solution Estimate Expressed in 
parameters 
1 0 
A 
c1 C1 -c1 
2 2 
A 
C2 C2 -C1 
3 6 
A 
C3 C3 -cl 
4 10 C4 C4 -Cl 
5 14 
A 
Cs C5 -Cl 
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Since 
if 
then 
Therefore 
µ() + C1 = 121 - 32./5 114.6 "" 115 days. 
Thus, for heifers, the absolute values for days open were given in Table 23. 
Table 23. Observable number of days open for heifers 
Dystocia score 
1 
2 
3 
4 
5 
Number of days open 
115 = 115 
115+2 = 117 
115+6 = 121 
115+10 = 125 
115+14 = 129 
Therefore, the effect of dystocia scores in all parities on number of days open is more than 
or equal to 115 days. Therefore, according to Dairy Herd Analyzer-Iowa 0992) the cost of 
$3.00 per day can be used for all score-parity subclasses. 
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APPENDIX B. CONVERSION OF PTA$ INDEX INTO METRIC 
SYSTEM 
Based on US average milk price for 1991 minus the average hauling, assessments, and 
promotion charges; 
Milk price $11.40 per cwt. (with 3.5% fat and 3.2% protein) 
$ 0.251326/ kg 
Fat differential 10.4 cents (in US system). 
Therefore, fat price $2.2928/ kg 
Protein differential 12.8 cents (in US system). 
Therefore , protein price $2.8219/ kg 
Indexes under US system: 
For milk and fat, 
PTA$ $ 0.0776 PTAmilk + $1.04 PTAfat 
For milk, fat and protein, 
PTA$ $0.03664 PTAmilk + $1.04 PTAfat + $1.28 PTAprotein 
In metric system: 
Price of milk = $ 0.251326 / kg 
= $ 25.1326 I lOOkg (with 3.5kg of fat and 3.2kg of protein) 
Price for 3.5kg of fat = (3.5)•($ 2.2928/ kg) 
Price for 3.2kg of protein 
=$ 8.0248 
= (3.2)•($ 2.8219/ kg) 
= $ 9.03013 
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Therefore, 
Coefficient of PTAmilk 
for milk and fat index = $25.1326 - $8.0248 
= $ 0.17107 . 
Coefficient of PTAmilk 
for milk, fat and protein index= $25.1326 - $8.0248 - $9.03013 
= $ 0.08078 . 
Coefficient of PTAfat 
for both indexes 
Coefficient of PTAprotein 
for both indexes 
= $2.2928 
= $ 2.8219 
Therefore, the new indexes are 
PTA$ $0.17107 PTAmi!k + $2.2928 PTAfat and, 
PTA$ $0.08078PTAmi!k + $2.2928PTAfat + $2.8219 PTAprotein. 
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APPENDIX C. CALCULATION OF 
COST ASSOCIATED WITH DYSTOCIA SCORES 
Table 24 . Calculation of cost associated with scores for heifers 
Dyscocia score 
Losses 1 2 3 4 5 
Figure Cost($) Figure Cost ($) Figure Cost ($) Figure Cose($) Figure Cost($) 
Days open 0 0.0000 2 6.0000 6 18.0000 10 30.0000 14 42.0000 
($3/day) 
Milk loss (kg) 0 0.00()(}1 -38 -6.5007 -92 -15.7384 113 19.3309 465 79.5476 
Far loss (kg) 0 o.oooob -1.6 -3.6685 -1.8 -4.1270 2.5 5.7320 20.7 47.4610 
Calf losses \0 
\0 
male ($70) 0.0248 1.7360 O.o652 4.5640 0.0874 6.1180 0. 1765 12.3550 0.3620 25.3400 
female($ 150) 0.0 158 2.3700 0.0415 6.2250 0.0556 8.3400 0. 1122 16.8300 0.2302 34.5300 
Total cost 4.lo60 6.6198 12.5926 84.2479 228.8786 
($) 
Expected 0.0000 2.5138 8.4866 80.1419 224.7726 
loss ($)c 
aFraction for milk (0.17107 • milk (kg)] in PTA$ index in metric system. 
bFraction for fat [2.2928 • fat (kg)] in PTA$ index in metric sys1em. 
cExpected loss = Total cost relative to score 1 (total cosl for score i - total cost for score I ). 
Table 25. Calculation of cost associated with scores for second parity cows 
Dystocia score 
Losses l 2 3 4 5 
Figure Cost($) Figure Cost($) Figure Cost($) Figure Cost($) Figure Cost($) 
Days open 0 0.0000 2 6.0000 7 21.0000 12 36.0000 26 78.0000 
($3/day) 
Milk loss (kg) 0 0.00003 44 7.5271 139 23.7787 95 16.2517 576 98.5360 
Fat loss (kg) 0 O.OOOOb 2.7 6.1906 3.9 8.9419 4.0 9.1712 20.9 47.9195 
Calf losses 
male 0.0171 1.1970 0.0563 3.9410 0.0902 6.3140 0.1434 10.0380 0.3021 21.1470 ...... 
($70) 0 0 
female 0.0124 1.8600 0.0410 6.1500 0.0655 9.8325 0.1042 15.6359 0.2197 32.9517 
($150) 
Total cost. 3.0570 29.8087 69.8671 87.0968 278.5542 
($) 
Expected 0.0000 26.7517 66.8101 84.0398 275.4972 
loss ($)c 
aFraction for milk I0.17107 •milk (kg)] in PTA$ index in metric system· 
bFraction for fat [2.2928 • fat (kg)I in PTA$ index in metric system. 
cExpected loss = Total cost relative to score l (total cost for score i - total cost for score I) . 
Table 26. Calculatio n of cost associated with scores for third and late r parities 
Dystocia score 
Losses 1 2 3 4 5 
Figure Cost ($) Figure Cost ($) Figure Cost ($) Figure Cost ($) Figure Cost($) 
Days open 0 0.0000 2 6.0000 10 30.000 6 18.0000 19 57.0000 
($3/day) 
Milk loss (kg) 0 0.00003 181 30.9637 174 29.7662 421 72.0205 725 124.0258 
Fat loss (kg) 0 O.OOOOb 8.9 20.4059 7.4 16.9667 16.9 38.7483 25.0 57.3200 
Calf losses 
male 0.0166 1.1620 0.0655 4.5850 0. 1031 7.2170 0.1392 9.7440 0.3027 21.1890 ...... 
($70) 0 ...... 
fe male 0.0138 2.0700 0.0542 8.1300 0.0854 12.8029 0. 1551 17.2721 0.2505 37.5733 
($150) 
Total cost 3.2320 70.0846 96.7528 155.7849 297.1081 
($) 
Expected 0.0000 66.8526 93.5208 152.5529 293.8761 
loss ($)c 
a Fraction for milk [0.17107 • milk (kg)] in PT A$ index in metric system. 
bFraction for fat [2.2928 • fat (kg)] in PTA$ index in metric system. 
cExpected loss = Total cost relative to score I (total cost for score i - total cost for score I) . 
Table 27. Calculation of weighted and unweighted overall cost 
Dystocia score 
Parity 1 2 3 
Numbe r of Cost ($) Number of Cost($) Numbe r of 
animals 
2 
~3 
Total 
number of 
animals 
Overall cost ($)a 
Mean cost of 
scores 
(unweighted)b 
17,806 
29,378 
60,430 
107,614 
3 
0 
0 
0 
0 
0 
animals 
3,291 2.5138 
2,399 26.7517 
4,474 66.8526 
10,164 
36.5554 
32.0394 
aoverall cost= :Leos ti• freqj , where i =parity (i = I, 2, 3). 
i= l 
3 
animals 
4,699 
2,640 
4,891 
12,230 
bMean cost unwe ighted by frequencies = 1/ 3 L COS t i , where i =parity (i = I, 2, 3). 
i=l 
4 5 
Cost ($) Number of Cost ($) Number of Cost ($) 
animals animals 
8.4866 2,217 80.1419 1,117 224.7726 
66.8101 845 84.0398 456 275.4972 
93.5208 1,328 152.5529 804 293.8761 
4,390 2,377 
55.0832 102.7969 257.8772 
56.2725 105.5782 264.7153 
...... 
0 
N 
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APPENDIX D. CALCULATION OF 
COST OF DYSTOCIA ASSOCIATED WITH PARITIES 
Based on the information on Tables 1 and 25, 
cost for heifers 
5 
_I. cos t 1i * freq 1J. j=score 1,2,3,4,5. 
J=l 
{(0.0000)•(17806) + (2.5138)•(3291) + (8.4866)•(4699) 
+ (80.1419)•(2217) + c224.7726)•(1117)} I (29130) 
$ 16.3713 . 
Based on the information on Tables 1 and 26 , 
cost for cows in 
second parity 
5 
i~1 cos t2 i * freq2 i j = score 1,2,3,4,5 
{(0.0000)•(29378) + (26.7517)•(2399) + (66.8101)•(2640) 
+ C84.0398)•C845) + C275.4972)•C 456) I I C35718) 
$ 12.2402 . 
Based on the information on Tables 1 and 27 , 
cost for cows in 
:2:3 parities 
5 
I. cos t 3J. * freq 3J· 
J=l 
j = score 1,2,3,4,5 
{(0.0000)"(60430) + (66.8526)•(4474) + (43.5208)•(4891) 
+ (1525529)•(1328) + (293.8761)"(804) I I (71927) 
$ 16.6193 . 
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Cost of Dystocia in different parities can be expressed on mature equivalent basis as follows: 
cost for heifers 
cost for 2nd parity cows 
cost for mature cows 
( ~rd parity) 
16.3713 
16.6193 
12.2402 
16.6193 
16.6193 
16.6193 
0.9851 
0.7365 and 
1.0000 . 
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APPENDIX E. EXPECTED INCOME AND UTILITY 
LOWER BOUNDS 
Table 28. Lower bounds for expecled income ($) from combinations of proven and young sires in ca lving ease groups 
Proven sires Easy Average Difficult 
Young sires Easy Average Difficull Easy Average Difficul t Easy Average Difficult 
Proportion of 
young sires 
0 173.24 173.24 173.24 128.24 128.24 128.24 83.23 83.23 83.23 
0.1 158.53 154.03 149.53 11 8.03 11 3.53 109.03 77.52 73.02 68.52 
0.2 146.72 137.72 128.72 110.72 101.72 92.72 74.71 65.71 56.71 
0.3 136.69 123.19 109.69 105.19 91.69 78. 19 73.68 60.18 46.68 
0.4 127.86 109.86 91.86 100.86 82.86 64.86 73.86 55.86 37.85 
0.5 119.94 97.44 74 .94 97.44 74.94 52.44 74.94 52.44 29.93 
0.6 11 2.74 85.74 58.73 94 .74 67.74 40.73 76.73 49.73 22.73 
0.7 l o6.09 74.59 43.09 92.59 61.(1) 29.59 79.09 47.59 16.08 
0.8 99.93 63.93 27.92 90.93 54.93 18.92 81.93 45.93 9.92 
0.9 94 .1 7 53.67 13. 17 89.67 49. 17 8.67 85. 17 44.67 4. 16 
1.0 88.76 43.76 -1.25 88.76 43.76 -1.25 88.76 43.76 -1.25 
........ 
0 
°' 
Table 29. Utility values ($) for combinations of proven and young sires in calv ing ease groups 
Proven sires Easy Average D ifficult 
Young sires Easy Average Difficult Easy Average Difficult Easy Average Difficult 
Proportio n of 
young sires 
0 157.74 157.74 157.74 112.74 11 2.74 11 2.74 67.73 67.73 67.73 
0.1 11 2.81 108.31 103.81 72.31 67.81 63.31 31.80 27.30 22.80 
0.2 67.87 58.87 49.87 31.87 22.87 13.87 -4.14 -13.14 -22.14 
0.3 22.93 9.43 -4.08 -8.57 -22.07 -35.58 -40.08 -53.58 -67.08 
0.4 -22.01 -40.01 -58.01 -49.01 -67.01 -85.01 -76.01 -94.01 -11 2.02 
0.5 -66.94 -89.44 -11 1.95 -89.44 -1 11 .94 -134.45 -111 .95 -134.45 -156.95 
0.6 -11 1.87 -138.87 -165.88 -129.87 -156.87 -183.88 -147.88 -174.88 -201.88 
0.7 -156.81 -188.31 -219.82 -170.31 -201 .81 -233.32 -183.81 -215.31 -246.82 
0.8 -201.75 -237.75 -273.76 -210.75 -246.75 -282.76 -219.75 -255.75 -291.76 
0.9 -246.69 -287.19 " -327.70 -251.19 -291.69 -332.20 -255.69 -296. 19 -336.70 
1.0 -291.62 -336.62 -381.63 -291.62 -336.62 -381.63 -291.62 -336.62 -381.63 
....... 
0 
-..) 
